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Double-crested Cormorants are expanding their breeding range to historic
wintering and migratory regions, such as Guntersville Reservoir in Alabama. This study
lends insight into how cormorants breeding in a temperate ecosystem impact plants, trees,
soil and bird communities as well as home range and movement of cormorants during the
breeding season and whether they reside on this reservoir year-round. Results suggest
that breeding cormorants have a negative impact on this ecosystem and do not move far
from colony sites. Stable isotopes from cormorants and prey fish suggest that cormorants
are migrating from this system after breeding, potentially to a marine source. This study
corroborates past studies of negative impacts of cormorant colonies, and provides novel
results of how southeastern cormorants use and move on Guntersville Reservoir. This
thesis can provide biologists information on how best to control populations and mitigate
impacts on this and other similar southeastern systems.
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GENERAL INTRODUCTION
Double-crested Cormorants (Phalacrocorax auritus, cormorant) are one of six
species of cormorant that inhabit the United States of America. A medium-sized bird
typically around 70 – 90 centimeters (cm) and weighing up to 2.5 kilograms (km),
cormorants have a long slender neck, turquoise eyes and a hooked bill (Sullivan et al.,
2006). Their basic plumage color is black, and they have a green or bronze gloss to their
feathers during their breeding season (Dorr et al., 2014). During their breeding (March –
August) both sexes also have tufts or crests on the sides of their heads that are variable in
color, typically black in the eastern population and white in the western population (Dorr
et al., 2014). The cormorant’s diet is diverse but can vary geographically and among
years (Glahn & Stickley Jr, 1995; Sullivan et al., 2006). On North America’s Great Lakes
and in the southeastern United States their diet includes alewife (Alosa pseudoharangus),
gizzard shad (Dorosoma cepadianum), threadfin (Dorosoma petenense), yellow perch
(Perca flavescens), sculpins (Cottus spp.), and particularly in southeastern aquaculture
facilities, Channel Catfish (Ictalurus spp.) (Glahn et al., 1995; Sullivan et al., 2006).
Cormorants have also been recorded taking advantage of stocking release sites,
aquaculture production, and stocked ponds (King, 1996; Dorr et al., 2004). Cormorants
eat an average of 0.5 kg of fish per day, but the amount of food consumed can vary with
availability of prey (Wires et al., 2001; Sullivan et al., 2006).
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Cormorants form monogamous pair bonds during their breeding season (late
March to early August) nesting in locations as a single pair, to large colonies comprised
of over 1,000 nests (Wires et al., 2001). Studies show that latitude does play a role when
cormorants start breeding; the Florida subspecies (P. auritus floridanus) nests year-round
and in the Bahamas this subspecies starts nesting as early as November (Watson et al.,
1991; Dorr et al., 2014). Breeding habitat varies from artificial impoundments, ponds and
lakes to slow moving rivers and open coastlines; safety from ground predators and
distance to feeding grounds factor into suitable habitat (Wires & Cuthbert, 2010).
Cormorants typically nest in trees or on elevated structures but will also nest on the
ground, particularly on islands in the Great Lakes (Tyson et al., 1999; Boutin et al.,
2011). Cormorants lay 3 to 4 blue and white eggs that both sexes alternate incubating for
~ 25 days before the young hatch. Young leave the nest at about 6 weeks post-hatching,
at which time they feed themselves (Sullivan et al., 2006).
Cormorants in Alabama
In the mid 1900’s cormorants were rare in Alabama (Barras, 2004) due to low
numbers in the 1970’s. Populations known to breed in the interior United States
plummeted to only 32,000 pairs (Wires & Cuthbert, 2006). Scant archeological and
written records of cormorants indicate these birds inhabited the southeast, but more than
likely they historically migrated through Alabama rather than bred there (Wires &
Cuthbert, 2006). The number of cormorants wintering in western Alabama increased
from approximately 10,000 birds in 1996 to 31,000 birds in 2005 (USDA 2005).
However, starting in 2001 colonies of cormorants have actively bred on lakes in
Alabama, largely on Guntersville Reservoir (Barras, 2004). As of 2015, an estimated
2

1,620 cormorants are nesting on islands in this reservoir (USDA-WS Survey Counts,
2017). The increase in breeding cormorants has resulted in concerns from resource
managers relative to these reservoirs (USDA, 2005). There is a perception that
cormorants are affecting game fish populations within Guntersville Reservoir (Barras,
2004). Impacts on sport fish by cormorants in the southeast have not been well
documented, with one survey by Wires et al. (2001) reporting that cormorant effects on
sport fish were of only moderate concern. Other studies conducted in the Great Lakes and
northern part of the U.S. and Canada have found that cormorants are a limiting factor for
certain species, such as Yellow Perch (Perca flavescens), which can lead to secondary
effects on sportfish that consume these same prey. There may be a lack of evidence of
cormorant effects on sport fisheries due to no records of long term monitoring of fish and
cormorant populations, plus the added cost and labor of diet data from sampled
cormorants. Predator thresholds, competition for prey in prey-limited settings and trophic
effects from cormorants raise concerns that cormorants may be effecting sportfish more
seriously than previously thought (Dorr & Fielder, 2017).
In an effort to reduce the impact of cormorants on natural resources in the United
States federal and state programs have been implemented, including issuance of
depredation permits allowing lethal take of cormorants and establishment of depredation
orders in specific states (Wires et al., 2001; Dorr et al. 2014). These depredation orders
include the Aquaculture Depredation Order (AQDO) of 1998, and the Public Resource
Depredation Order (PRDO) of 2003 (amended in 2005, Wires, 2015). Specific to
Alabama, an environmental assessment (EA) of reducing cormorants was published by
the U.S. Department of Agriculture, Animal & Plant Health Inspection Service, Wildlife
3

Services (USDA-APHIS-WS) in cooperation with the Tennessee Valley Authority
(TVA) in June of 2005. The EA states that damage control targeting cormorants could be
conducted, including lethal and non-lethal alternatives, to reduce conflicts between
human resource interests and human health and safety (USDA 2005).
The environmental assessment for AL was created due to the perceived impacts
cormorants may have on reservoirs and other waterways throughout Alabama. The
ecology of cormorants breeding in these warm, temperate moist ecosystems (Lugo et al.,
1999) has not been thoroughly studied since colonies have been established. My study
was designed to evaluate the impacts of cormorants and by way understanding their
ecology to build on previous EAs and research done on Guntersville Reservoir,
particularly a study completed by Lafferty et al. 2016, to develop better mitigation and
restoration activities on reservoirs throughout Alabama and the southeast. Quantitative
results could help managers and biologists better control and reduce conflicts between
human resource interests and cormorants utilizing these southeastern reservoirs.
The goal of my study was to evaluate impacts of cormorants on insular habitats
(or islands) and the residency and space use of cormorants on Guntersville Reservoir, in
northern Alabama, USA. To address these goals I examined soil chemistry, structure and
diversity of vegetation, and avian diversity on islands: 1) where cormorants currently
breed; 2) uninhabited islands – where no cormorant breeding activity has been
documented; and 3) islands where there is historic evidence of cormorant breeding
activity. It is unknown how cormorants utilize Guntersville Reservoir for daily activities,
whether they stay close to colony sites during the breeding period or venture throughout
the whole reservoir. I therefore calculated home ranges and core use areas of 10 GPS
4

tagged cormorants through a breeding season (May – August, 2017) to evaluate space use
and differences throughout the breeding season for cormorants. This space use may
change depending on if cormorants are incubating eggs or foraging to feed chicks so
home ranges and core use areas for incubation, chick rearing and post-fledge periods
were calculated to measure differences in space use during the breeding period. I also
conducted stable isotope analysis of tissues collected from cormorants and fish species expected prey items consumed by these birds - from Guntersville Reservoir and fish
samples from aquaculture ponds in western AL to evaluate seasonal use of these
resources, especially during the overwinter period.
As a whole, the objectives for my study can give managers a better idea of how
cormorants may impact habitats in the southeast and whether these effects trickle down to
other species, how cormorant move across the reservoir system and whether cormorants
utilize different areas for energetic needs other than Guntersville Reservoir.
Understanding the ecology of cormorants that breed in the southeast is vital for better
management and implementation of procedures, especially since this temperate
ecosystem differs from traditional breeding grounds in the Great Lakes.
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DOUBLE-CRESTED CORMORANT COLONY EFFECTS ON SOIL CHEMISTRY,
VEGETATION STRUCTURE AND AVIAN DIVERSITY
Abstract
Double-crested Cormorant (Phalacrocorax auritus) effects on vegetation, soil
chemistry and tree health have been documented on breeding colonies in the northern
breeding grounds of Canada and the United States (U.S.) but little evaluation of these
changes has been conducted in the southeastern U.S, where colonies have been
documented since the early 2000’s. Vegetation and tree metrics, such as structure and
diversity, and soil chemistry were compared among colony islands, uninhabited islands
and abandoned colony islands within Guntersville Reservoir, a warm temperate moist
forest ecosystem. Avian diversity and community structure were also quantified per these
islands to assess if the current or past presence of a cormorant colony can affect other
avian species. Potassium (K), phosphorus (P) and nitrate (NO3-) were negatively related
to past and current cormorant use, while tree diversity was lower on historic (tree mean =
4.35  2.46 species) and colony (tree mean = 3.91  3.12 species) islands than on control
islands (tree mean = 9.11  3.88 species). Canopy cover was less (min: < 20%), and
midstories denser on colony and historic islands relative to control islands. Avian
diversity was significantly lower for colony islands (mean = 6  3 species) than both
control (11  7 species) and historic (10  7 species) islands. These effects of cormorant
8

nesting can be seen even after 10 years of abandonment and additionally, this study
identifies how these habitat changes influences songbird diversity, one of the first to do
so. These findings support that cormorants can have long term effects on their nesting
sites, even on southeastern aquatic systems.
Introduction
Double-crested Cormorants (Phalacrocorax auritus, cormorant) have the capacity
to affect soil properties within their nesting colonies (Rush et al., 2011; Dorr et al., 2014;
Lafferty et al., 2016). Changes in soil qualities such as nutrient concentrations and pH
can disrupt plant germination and promote invasive vegetation (Cuthbert et al., 2002;
Boutin et al., 2011; Ayers et al., 2015). Habitat changes borne through cormorant nesting
activities includes simplification of habitat structure by suppressing the presence and
growth of sensitive species and the homogenization of species composition, with invasive
species replacing diversity of non-invasive species (Ishida, 1996; Hebert et al., 2005;
Breuning-Madsen et al., 2010). Invasive and hardy species, such as Pokeweed (Phytolaca
americana), proliferate in disturbed areas and plant species diversity tends to be very
low, with pioneer species mostly prevalent (Boutin et al., 2011).
The effects of excess nutrients on soil chemistry and plant diversity are not
constrained to the area immediate to cormorant nest sites (Ayers et al., 2015). Nutrients
can leach from the forest floor or be transported through the air, affecting waters and
lands nearby (Hobara et al., 2005; Breuning-Madsen et al., 2008). Nitrogen (N) and
phosphorus (P), as well as other elements included in cormorant-derived guano
deposition, can alter soil properties even after birds are no longer nesting in the general
vicinity (Rush et al., 2011; Rush et al., 2013).
9

It has also been suggested that nesting cormorants can displace other co-nesting
species from their colonies, particularly colonial waterbirds (Taylor & Dorr, 2003;
Wyman and Cuthbert 2015). Black-crowned Night Herons (Nycticorax nycticorax) and
various gulls (Larus sp.) and terns (Sterns sp.) have shown displacement and
abandonment from encroaching cormorant colonies and destruction of nesting trees,
though whether these impacts are directly related to cormorant nesting is debatable
(Cuthbert et al., 2002). Some studies do show that colonial waterbird colonies, inclusive
of cormorants, flourish with no detrimental effects to other co-nesting species (Wires &
Cuthbert, 2010).
The Northern American Interior population of cormorants has exhibited dramatic
growth over the past 40 years (Hatch, 1995). During the past decade, the number of
cormorants breeding within the southeastern U.S. has also greatly increased (Barras,
2004), most likely due to an increase in the number of aquaculture facilities and the
damming of rivers throughout the region. Since 2001, Guntersville Reservoir, a dammed
portion of the Tennessee River in Alabama, has had a consistent population of
cormorants breeding on islands in the reservoir and abandoning them. A study by
Lafferty et al. (2016) looked into how breeding cormorants may affect these warm
temperate moist forest ecosystems (Lugo et al. 1999), and found that cormorants do
deposit an influx of P, Potassium (K) and nitrate (NO3-) on their nesting islands while
also decreasing pH and damaging tree health, but deposition had no effect on water
quality (Lafferty et al., 2016). However, Lafferty et al. (2016) did not look at vegetation
structure such as midstory height, plant and avian diversity or plant and avian community
structure on islands inhabited and not inhabited by cormorants. Additionally, Lafferty et
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al. (2016) did not look at islands abandoned by cormorants over various lengths of time.
The addition of abandoned islands can give information on how cormorant colonies
recover without direct human intervention.
If cormorants have the capacity to alter vegetation structure and tree composition
in warm temperate moist forest ecosystems, it begs the question whether they can
indirectly effect other avian communities. There is ample evidence that there is a
correlation between vegetation structure and avian diversity (Rotenberry, 1978; Erdelen,
1984; Loehle et al., 2005). Horizontal and vertical structure of flora in forests can effect
what bird species are present at a certain time. Forest migrants such as flycatchers
(Tyrannidae sp), vireos (Vireonidae sp) and some warblers (Parulidae sp) prefer more
open structure than shrubland species such as cuckoos (Cuculidae sp), thrashers
(Mimidae sp) and Yellow-breasted Chats (Icteria virens) (Askins, 1993). Horizontal and
vertical structure of flora in forests can effect what bird species use that ecosystem. Some
species of birds, such as early successional habitat specialists (Yellow breasted Chats,
Brown Thrashers (Toxostoma rufum), Field Sparrows (Spiella pusilla) and Eastern
Towhees (Pipilo erythrophthalmus)), are showing declines in populations as the
ecosystems they rely on are being replaced by older growth systems and forest
degradation (DeGraaf & Yamasaki, 2003). Cormorant colonies in Northern breeding
ranges have been shown to alter the structure of the ecological communities of their nest
colonies, opening the canopy for growth of woody vegetation. This change in vegetative
structure may resemble an early successional habitat (Ayers et al., 2015), which in turn
could change the avian structure for a certain period. Birds other than colonial waterbirds
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that use the ecological communities of cormorant nest colonies would be expected to
respond to these changes.
For this study, my objectives were to measure and contrast soil nutrient
concentrations, structure and diversity of vegetation and trees and avian diversity on
islands where cormorants have nesting colonies (colony), islands where cormorants have
no history of nesting (control) and also those islands that have been abandoned by
cormorants after occupation (historic). Soil nutrient concentrations, such as P and NO3-,
are expected to be higher on colony islands compared to islands where cormorants have
no history of nesting (Hebert et al., 2005; Boutin et al., 2011; Lafferty et al., 2016).
Additionally, pH values are expected to be lower in soils sampled from colony and
historic islands than from control islands (Lafferty et al., 2016). Diversity and of
vegetation and trees are expected to be low on colony islands compared to control
islands, with non-native species more prevalent on colony and abandoned islands.
Historic islands may see more diversity than currently occupied islands, though would
still be lower than control islands.
As there is evidence that cormorant colonies can change vegetation structure, I
hypothesize that avian communities and diversity would be affected, and those changes
could be either negative or positive. Early successional habitat from open canopy cover, a
hypothetical product of tree death from cormorant nesting, may promote an influx of
native pioneer species as well as growth of native hardwoods and shrubs. This as well
could promote diversity of certain warbler species as well as woodpecker diversity from
old snags. Conversely, excess soil nutrients may promote a hostile environment for native
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species not prone to disturbance and over time an overgrowth of shrubs, vines and woody
vegetation may decrease diversity of certain avian species on colony and historic islands.
Study Site and Methods
My study was conducted on Guntersville Reservoir, located in Marshall and
Jackson counties in northeast Alabama (Figure A.1). Guntersville Reservoir was created
by damming the Tennessee River in 1939 with hydrology controlled by the Guntersville
Dam under the Tennessee Valley Authority (TVA). Temperature and climate are
temperate, with summers averaging 27˚C and winters around 15˚C (Soil Survey Staff,
2016). Deciduous hardwoods, such as oaks (Quercus spp.) and hickories (Carya spp.),
and coniferous trees such as red cedars (Juniperus virginiana) and loblolly pines (Pinus
taeda) are all prevalent (Soil Staff Survey, 2016). Islands are present throughout the
reservoir, though less are found in the north end of the reservoir. All islands were made
through flooding by construction of the Guntersville Dam.
Twelve islands were selected for this study and divided into one of three
treatment groups based on cormorant occupancy: colony (islands naturally colonized by
breeding cormorants), control (islands with no history of cormorant occupancy) and
historic (islands that were previously colonized and subsequently abandoned). A subset
of six islands studied by Lafferty et al. (2016), which were categorized as colony (3) and
control (3), were included in this study to allow direct comparisons to their research.
Colony islands for the Lafferty et al. (2016) study included Connor’s Island, South Sauty
and North Sauty (Figure A.2). South Sauty and North Sauty are similar in size,
approximately ~2.50 hectares (ha). South Sauty has been occupied for 14 years while
North Sauty has been occupied sporadically for 6 years, as of 2017. Connors Island was
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considered a historic colony for my study due to it being abandoned in 2011. It should be
noted that only the western half of Connors Island was used as a colony and therefore
analyzed. An additional three colony islands were included in my study (New Connors 1,
2 and 3; Figure A.2) that were occupied after the Lafferty et al. (2016) study in 2009. All
New Connors Islands are ~1.5 ha in size and have been occupied for 6 (New Connors 1),
4 (New Connors 2), and 3 (New Connors 3) years. Control islands were selected based on
proximity and a similar area to colony islands. If more than one control island was
available, it was selected at random. Control islands included SE Connors, 1.07 ha, North
South Sauty, 2.2 ha and East North Sauty, 1.38 ha, all included in the Lafferty et al.
(2016) study. One additional control island was included in my study, which was West
North Sauty, 2.32 ha (Figure A.2). One key island type that was included in my study but
not looked at in Lafferty et al. (2016) were historic islands that had been occupied by
cormorants and subsequently abandoned and left to recover without any direct
management (Old Connors, Connors and Old South Sauty; Figure A.2). Old Connors,
occupied for four years, and Old South Sauty, occupied for three years, are both ~2.0 ha
and have been abandoned for 12 and 13 years, respectively. Connors Island is 14.5 ha and
was occupied for nine years and has been abandoned for seven years.
Data collection followed a similar sampling design to Lafferty et al. (2016) where
locations of sample plots were generated at random from a distribution of possible
locations, for control, colony and historic islands. Most sample locations were determined
from previous plots referenced in Lafferty et al. (2016), though some plots from the
Lafferty et al. (2016) study were not accessible and/or eroded over time. To replace these
plots, islands were overlayed with a 10 meter x 10 meter (m) grid. Plots were selected by
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proportionally sampling 20% of the 10 m x10 m grid on each island (Lafferty et al.,
2016). This grid was created using orthoquad imagery of Guntersville Reservoir and
ArcMap v.10.1 (ESRI 2012). Plot center was determined by recording the latitude and
longitude at the centroid. An aluminum gardening stake was placed at every plot center
for easy access and to identify the plot location for future reference.
Soil
Soil sampling was completed from June to August 2016 and followed procedures
from Lafferty et al. (2016). When sampling soil, the surface forest and litter layer was
brushed away and the soil sample taken from the center of the plot to a depth of 22
centimeters (cm) using a standard soil auger and hand trowel. Once collected, soil was
deposited into a bucket and mixed completely. Soil samples were placed in a cardboard
box, taped closed for sample security, and labeled with the sample and plot number,
island name and date collected. Samples were kept cool and dry until processing
(Lafferty et al., 2016). For processing, nutrient concentrations (kg/ha) and base saturation
were extracted from each sample which were used to determine percent concentrations
for the following soil characteristics: percent organic material (%OM), Phosphorus (P),
Potassium (K), Calcium (Ca), Magnesium (Mg), Zinc (Zn), Sulfur (S), Sodium (Na),
Hydrogen (H), Nitrate (NO3-) and Ammonium (NH4-). These nutrients were selected due
to their importance in plant physiology and circulation and to their correlation with
excess cormorant guano deposits (Boutin et al., 2011; Rush et al., 2011; Lafferty et al.,
2016). Samples were tested at the Mississippi State Extension Service Soil Testing
Laboratory (Mississippi State, Mississippi) for all soil characteristics except NO3- and
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NH4-. The University of Georgia Extension Soil, Plant and Water Lab (Athens, Georgia)
provided measures of NO3- and NH4- in soil samples.
Habitat
Habitat characteristics were also measured at sample locations on all islands from
June to August 2016. A 1-m2 quadrat made of PVC pipe was placed at plot center to
measure percent plant cover, plant density, and plant diversity for each plot following
procedures developed by Ayers et al. (2015). A digital image was taken of the plot before
any sampling so that percent cover could be calculated. Percent cover was calculated by
uploading the images onto a computer and overlaying a grid comprised of 100 equal
squares over the image (Ayers et al., 2015). Each box was recorded as covered (≥ 50% of
the box covered by live vegetation) or not covered. Once all 100 boxes were recorded for
an image, the number of covered boxes indicated percent, live plant cover for that plot.
Plant diversity was recorded by identifying all species in a plot and plant density was
recorded by counting each individual of a species in each plot. Any plants that could not
be identified in the field were given a unique number and pressed for later identification,
though density of these unknown species was still recorded under the specified unique
number.
Canopy cover was measured using a spherical densiometer (Lemmon 1956), with
measurements taken in each of the four cardinal directions at 5 m from plot center. The
percent canopy recorded in each direction was used to calculate average canopy cover for
sampled plots. A Nudd’s board (Nudds, 1977) was used to measure vegetation density of
midstory heights, or vertical structure, in two randomly selected cardinal directions
(selected at location at each plot), 15 m from plot center. The proportion of each 0.5 m (0
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– 2 m) interval that was covered by vegetation was recorded as a single digit between 1
and 5 where: (1) 0 – 20%, (2) 21 – 40%, (3) 41 – 60%, (4) 61 – 80% and (5) 81 – 100%
cover (Nudds, 1977). Coverage values were averaged for the two cardinal directions to
obtain a single midstory cover value for each plot.
All tree species in the 10 m circular plot were identified to species, with those that
had a diameter at breast height (DBH) of over 8 cm given a unique number and vigor
class. The vigor class scale was a metric for how healthy a tree was on a scale of 1 to 5.
The scale was as follows: (1) No decay, 100% healthy; (2) Mostly healthy, < 25% decay;
(3) Not healthy and/or dying, > 50% decay; (4) Newly dead, 100% decay; and (5) Old
snag (Lafferty et al., 2016). If a tree exceeded 8 cm in DBH, DBH was measured and
recorded. Trees less than 8 cm were identified to species and a count of each species
recorded. To designate a tree from a shrub, a shrub was defined as a woody plant with
several perennial stems that are no more than 7.5 cm in diameter and is less than 4 m in
height (Kuhns, 2016). Each plant or tree species was designated as native or non-native
using data from the USDA Plant Database (USDA-NRCS, 2018).
Birds
Point count surveys of avian species were conducted on all islands sampled for
soil, tree and vegetation data. Methods for count data were taken from Ralph et al. (1995)
and Hamel et al. (1996). Points were not randomly selected due to the small size of
islands and the designation that point plots be at least 200 m away from each other
(Hamel et al., 1996). Because all islands except Connors Island were less than 200 m in
size, one point was selected as close to the center as possible to detect 360° around the
islands. For Connors Island, two points were selected that were over 200 m apart from
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each other and centered in the middle of the island. Once locations for bird survey plots
were determined, point counts were started 06 June 2017 and repeated six times at each
location, with one week between survey times, before 16 August 2017.
Islands were split by colony complex groups (Connors, South Sauty and North
Sauty; Figure A.2) and split between two data recording teams. Given Connors Island
complex had six islands total, island groups where split into two groups, Connors Islands
and North and South Sauty Islands (Figure A.2). The Connors Island complex was
further subdivided by control and historic (e.g., SE Connors, Connors and Old Connors
Islands) and current colony islands (e.g., New Connors 1, 2 & 3), with teams alternating
surveys every trip. South and North Sauty complex’s had three islands each, therefore
one group collected data at one complex or the other every visit. Before point counts
started, I randomly selected island complexes (‘Connors’ or ‘Sautys’) and then islands
within complexes at random. This was done so all islands were not sampled at the same
time each morning to prevent potential sampling bias in point count surveys. For the first
survey, a complex was selected by flipping a coin. After this first survey, teams
alternated the starting complex for each subsequent visit. Two days were designated for
data collection, unless weather impeded field work. Teams were assigned to island
complexes and islands within complexes at random to prevent observer bias. Teams were
initially randomly assigned to island groups within the complexes for each day. After the
first visit, islands were alternated between teams.
Point count surveys began at dawn, which was established by using the
WeatherBug ® Version: 5.3.1.3 application for Google Android. Once at the survey
point, each observer waited 5 minutes before starting surveys to minimize effects of
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disturbance when arriving at the sampling point. After the waiting period, a 10 minute
count survey was begun, recording all birds heard and seen during the time period. All
flyover or flythrough birds were recorded on the data sheet as well as weather
characteristics (e.g., wind, cloud cover, rain).
After point counts were completed, a conservation concern score was attributed to
all species found on the plot points. This score was obtained from Partners in Flight
Avian Conservation Assessment Database (PIF, Panjabi et al., 2017). This database is a
repository used to generate species scores through “a peer-reviewed, scientific
methodology… for the conservation of birds.” (Panjabi et al., 2017). The PIF score
complements the International Union for the Conservation of Nature’s (IUCN) Red List
of Threatened Species, especially on a regional scale for those species that may be of
moderate rather than severe concern (PIF, Panjabi et al., 2017). There are six biological
vulnerability factors for all species that are ranked from a scale of 1 (very low concern) to
5 (highest concern) which are combined for the overall continental concern score, which
encompasses breeding and non-breeding range and seasons (PIF, Panjabi et al., 2017).
These vulnerability factors are: (1) Population size (2) Breeding and non-breeding
distributions (3) Threats to breeding and non-breeding birds (4) Population Trend (5)
Relative density [the mean density of a species within a given region] (6) Percent of
population [proportion of the global population of a species that is contained within a
region during a given season] (Panjabi et al., 2017).
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Statistical Analysis
Soil
Generalized linear mixed models (GLMM) were used to analyze all soil
characteristics (Lafferty et al. 2016). A model was constructed for each soil characteristic
or the response variable, with treatment type (colony, control or historic) as the fixed
dependent variable to test the effects of cormorant occupancy on soil composition.
Individual islands surveyed were included as a random effect in all models. Statistical
tests and processes were adapted from Zuur et al. (2011) using the packages ‘lme4’ and
‘multcomp’ in Program R (R Core Team, 2017). A multiple comparison test, completed
using the function ‘glht’ in Program R, provided post hoc assessment of differences
among treatments types by soil characteristic means.
Habitat
I applied separate GLMMs to evaluate the response variables of plant and tree
diversity and canopy cover relative to the fixed effect of treatment type and a random
effect of individual islands. If significant (p < 0.05), post-hoc tests were run on each
model to identify differences among treatment types. All analyses were run using ‘lme4’
and ‘multcomp’ packages in Program R (R Core Team, 2017).
I used an ordered logistic regression model to examine cormorant impacts on tree
health (vigor class), similar to Lafferty et al. (2016), with the response variable being the
ordered data of vigor class and treatment as the categorical fixed effect. Diameter at
breast height (DBH) was included as a continuous fixed effect, with individual islands
included as a random effect. A step-wise variable selection was conducted to find the
most suitable model for outputs. Package ‘ordinal’ was used for all analyses (R Core
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Team, 2017). Influence of cormorant occupancy on DBH was analyzed using linear
mixed models (LME) with DBH as the response variable, treatment as a categorical fixed
effect and individual islands as the random effect (package ‘lme4’, R Core Team, 2017).
If the DBH model was significant, a post-hoc test was used for comparison of means
between treatment types.
To test for differences in abundance of native vs non-native species on islands I
used linear contrast statements in an ANOVA framework. These contrast statements were
made between control-historic island and control-colony islands to analyze significance
on non-native species between these islands. Data on Native status was evaluated for
normality using Q-Q plots and was log-transformed for a normal distribution if a nonnormal distribution was indicated. I used a one-tailed post-hoc test (specifying ‘less’)
with  = 0.05 to test for statistical significance among treatments.
I assessed differences in vegetation density of midstory heights among treatment
types through nonparametric tests in an ANOVA framework, as these data were ranked
orders. Distributions of vegetation cover data were also evaluated among treatments
using a nonparametric test, as these data were bimodal in distribution. All data were
separated by treatments and then re-plotted to verify island type was not a confounding
variable in non-normal distributions. A Kruskal-Wallis test (package ‘stats’, R Core
Team, 2017) was preformed because it requires no assumptions about the distribution of
the data and is analogous to an ANOVA for parametric data. If significance was found (p
< 0.05), a Dunn’s Multiple Comparison Test (package ‘dunn.test’, R Core Team, 2017)
was used to compare between island treatment types. Dunn’s test is a post-hoc
nonparametric test for significance of Kruskal-Wallis test results (Dinno, 2015).
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Birds
I conducted a distance-based redundancy analysis (dbRDA) for all avian species
by island treatment to identify differences in avian community composition among
treatments. Distance-based redundancy analysis is an ordination method that uses nonEuclidean dissimilarity indices (Bray-Curtis distance), but is still considered a linear
analysis (Oksanen et al., 2017). Variables in my ordination analysis were simple counts
of all species found in a fixed area radius, which were then used to find differences
between island types. Unadjusted counts were used instead of adjusted due to an
inadequate number of detections for some species. Therefore adjustment factors for
distance could not be produced (Hutto et al., 1986; Thompson, 2002). Additionally, my
point counts were conducted in one season, (Summer 2017) during the same time of day,
(dawn – 9 AM) on similar habitats on surveyed islands thus making simple counts
sufficient for analysis (Raphael, 1987). An ordination plot was then created, with ellipses
denoting island treatment type (control, colony and historic). All analyses were
conducted in package ‘vegan’ in Program R (R Core Team, 2017).
Chao2-type estimators were used to calculate species richness of all six visits to
the 12 islands. Chao2 estimators are non-parametric models that do not include
assumptions about distributions of species and give an accurate lower bound richness
(Chao et al., 2005). Chao2 estimators were calculated in R-package ‘vegan’ (R Core
Team, 2017). Once calculated, I used a LME to test for differences in Chao2 estimators
of species richness and PIF scores among treatments. The response variables for each
models were Chao2 scores and PIF scores. The fixed categorical effect was island
treatment with the random variable of each individual island a nested effect, with six
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visits for each island. Models were created in package ‘nlme’ in Program R (R Core
Team, 2017). Once modeled, a post-hoc test was performed to test for differences in
island treatment types for each response variable. Significant results (p < 0.05) were
visually represented by boxplots.
Results
Soils
From June 2016 to August 2016, 96 soil samples were collected from all islands
with 27, 35 and 34 samples from control, colony and historic islands, respectively.
Generalized linear mixed models testing for differences in K, NO3-, and P among
treatment types showed significant effects among all treatments. Calcium, pH, Mg, Zn, S,
Na, %OM and H were not significantly different among treatment types. Potassium and
NO3- values differed significantly in that colony (K: z = -3.77, p < 0.001; NO3-: z = -3.02,
p < 0.01) and historic (K: z = 2.7, p = 0.02; NO3-: z = 2.13, p < 0.05) islands differed
from control islands while historic and colony islands did not differ (K: z = -0.84, p =
0.68; NO3-: z = -0.79, p = 0.71) from each other (Figure 2.1). Results for P were different
than other soil characteristics in that historic and control islands differed significantly (z
= 2.76, p < 0.02) while colony and historic islands (z = 1.74, p = 0.19) and colony and
control islands (z = -1.01, p = 0.57) did not differ between each other (Figure 2.1).
Though not statistically significant, pH was most acidic on historic islands (4.51  0.6)
followed by colony islands (4.66  0.5) and control islands (5.27  0.6), and was close to
statistical significance (z = -2.12, p = .08).
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Summary statistics of means and min/max ranges show lower concentrations of K
and NO3- across control islands compared to colony and historic islands (Table 2.1).
Except for P concentrations, where historic islands (mean  standard deviation, 883.74 
703.19) have significantly more P than colony (436.00  443.27) and control islands
(107.34  153.85), all other soil characteristics were higher on colony islands than the
other two island types. For pH, summary statistics show that the mean pH for colony,
control and historic islands respectively were 4.66  0.50, 5.27  0.60 and 4.51  0.60,
thus displaying that cormorant islands, even after abandonment, have lower pH values
from control counterparts. Ranges for pH values for colony and historic islands were also
visibly lower than control islands, with minimum values being almost 1 pH value apart
(Table 2.1).
Habitat
From June to August 2016, 96 - 1 m x 1 m plots were sampled with 27, 35 and 34
plots for control, colony and historic islands, respectively. Plant diversity was not
significant at any treatment level though overall, mean plant diversity was higher on
control islands (8.48  3.69 species) than on colony and historic islands (5.97  3.55 and
5.91  3.03 species, respectively), where mean diversity was similar between each other
(Table 2.2). Tree diversity differed significantly between control islands and colony
islands (z = 2.23, p < 0.05) though there was no difference between historic and control
(z = -1.84, p = 0.16) or colony and historic islands (z = 0.14, p = 0.1 (Figure 2.2). Mean
tree diversity was highest on control islands (9.11  3.88 species) while mean diversity
on colony and historic islands were lower (3.91  3.12 and 4.35  2.46 species,
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respectively; Table 2.2). Additionally, the maximum number of species found on historic
islands was only 9 species vs 16 on control islands (Table 2.2). Canopy cover was not
significant among treatments types, though control islands overall had a higher mean
canopy cover (83.63%) compared to both colony (65.72%) and historic (67.52%) islands
(Table 2.3). Differences in the lower tail of the range of canopy cover by treatments types
was large, with only 12.9% cover on colony islands versus 67.7% on control islands
(Table 2.3). Diversity of native vs not native plants did not differ among treatments (F =
0.55, p > 0.05 for islands types), though colony and historic sites did have > 33% more
non-native species (33 and 32 plants, respectively) than control islands (24 total plants).
For native status of trees, only two species were found to be non-native, chinaberry
(Melia azedarach) and mimosa (Albizia julibrissin), found on New Connors 3 (colony)
and East North Sauty (control) respectively.
Tests for the five midstory cover categories showed differences among treatments
at p < 0.05 (Figure 2.5). The vegetation density at the lowest midstory height of 0 – 0.5 m
(H(2) = 7.90, p < 0.05) differed significantly between control and historic islands but not
among colony islands. Vegetation density at the midstory heights of 0.5 – 1.0 m (H(2) =
18.72, p < 0.05) and 1.5 – 2.0 m (H(2) = 7.60, p < 0.05 ) were significantly lower on
control islands relative to both colony and historic islands. Vegetation density at the
midstory heights of 1.0 – 1.5 m (H(2) = 6.34, p < 0.05) and 2.0 – 2.5 m (H(2) = 6.21, p <
0.05) were larger on colony islands compared to control islands, though historic islands
were similar relative to the other treatment types (Figure 2.5). The results for plant cover
were also significant (H(2) = 8.02, p < 0.01) between historic islands and the other
treatments, with more vegetative cover on historic islands (mean = 71%) relative to both
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control (52%) and colony (54%) islands, which were not significantly different from each
other at p < 0.05 (Figure 2.5).
Diameter at breast height for trees differed between colony and control islands (z
= -2.62, p < 0.02), with colony islands populated with trees of smaller DBH relative to
control and historic islands, where DBH was larger overall (Figure 2.2). Control and
historic islands did not differ in mean DBH (z = 0.44, p = 0.9) nor did historic or colony
islands (z = -1.84, p = 0.16). Mean and max DBH were larger on colony islands
compared to control and historic islands as well (Figure 2.2). Results for vigor class of
trees showed no significance of DBH by treatment type (Figures 2.3, 2.4).
Forty-six tree species were recorded from all sampled islands, with 27 species
found on colony islands, 34 species found on control islands and 18 found on historic
islands (Table 2.4). The majority of species found on historic and colony islands were
black locust (Robinia pseudoacacia), devil’s walking stick (Aralia spinosa), sassafras
(Sassafras albidum), Carolina buckthorn (Rhamnus caroliniana) and common
persimmon (Diospyros virginiana). Control islands had a majority of American
hornbeam (Carpinus caroliniana), black oak (Quercus velutina), common persimmon
(Diospyros virginiana), sweetgum (Liquidambar styraciflua) and water oak (Quercus
nigra). Loblolly pine (Pinus taeda) was more prevalent on colony and historic islands
than control islands (38 and 6, respectively). Seventy-seven species of flora were
identified from sampled islands, with colony islands totaling 41 species, control 36
species and historic having 43 species individually (Table 2.5). Pokeweed (Phytolaca
americana) was the most prevalent species on historic and colony islands (>3000) and
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the least prevalent on control islands (1). Virginia dayflower (Commelina virginica) was
the most commonly found species on control islands (n=328).
Birds
From June to August 2017, 13 locations were surveyed for avian point counts.
The ordination plot of avian species by island type shows a distinction between colony
islands and historic and control islands (Figure 2.7). The dissimilarity of control islands
was driven by the presence of four species: Brown-headed Cowbird (Molothrus ater),
Yellow-throated Warbler (Setophaga dominica) and Blue-winged Warbler (Vermivora
cyanoptera) and to a lesser degree, Pine Warblers (Setophaga pinus). Historic and control
islands are relatively similar to each other, though Prothonotary Warblers (Protonotaria
citrea) differentiate control islands from historic islands (Figure 2.7). The PCA
conducted for the ordination analysis indicated a difference in bird species composition
between colony islands and control and historic islands. Eigenvalues for the first two axes
were 0.56 and 0.43 respectively (Table 2.6).
The GLMM for PIF values by treatment types gave no significant results (p >
0.05), though Chao2 diversity estimators were significant among treatment types. The
GLMM for the avian diversity model (Chao2 diversity estimators) produced significant
results among treatment types, with higher mean diversity on control (z = 3.41, p <
0.002) and historic (z = 2.64, p < 0.02) islands relative to colony islands. Historic and
control islands were similar in mean avian diversity (z = -0.46, p = 0.89; Figure 2.6).
Northern Cardinal (Cardinalis cardinalis) was the most common species for all
three treatments (Table 2.7). Species with higher PIF scores (i.e. denote more concern),
were more common on colony islands. High PIF score species include Blue-winged
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Warbler, Brown-headed Nuthatch (Sitta pusilla), Prairie Warbler (Setophaga discolor),
Prothonotary Warbler and Red-headed Woodpecker (Melanerpes erythrocephalus), all
found on colony islands. Red-headed woodpecker, though, were more commonly found
on historic islands than on control or colony islands. Yellow-billed Cuckoos (Coccyzus
americanus), were found on historic and control islands with none detected on colony
islands. Overall the greatest number of individuals, from simple count numbers, were
found on control islands (n=277 detected), followed by historic islands (n=255 detected)
and then colony islands (n=218 detected, Table 2.7).
Discussion
Nesting cormorants on Guntersville Reservoir deposited nutrients (shown in P, K
and NO3-) on colony islands, which in turn affected diversity of tree species thus, bird
diversity on these occupied islands. Results of this study illustrate that these effects were
sustained 10 years after the abandonment of these colonies by cormorants. While other
studies have shown soil chemistry changes on active colonies (Ellis, 2006; Boutin et al.,
2011; Rush et al., 2013; Lafferty et al., 2016), there is not documentation of the long-term
effects of soil chemistry changes on abandoned cormorant colonies, particularly in warm
temperate moist forest ecosystems (Table 2.1, Figure 2.1).
Though not significant, minimum values of pH on historic islands were lower
than current colony islands with min and max concentrations of P in soils on historic
islands also higher than on colony islands (Table 2.1). This could be attributed to the
observation that some historic islands, such as Connors Island, were occupied by
cormorants for longer periods of time than current colonies that have been just recently
occupied (<5 years old), such as New Connors 2 and 3. Connors Island, once a breeding
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colony and now abandoned, is a popular roosting spot for cormorants who may deposit
additional concentrations of guano over time. Historic islands, though still showing
lingering effects of occupancy, did show a trend of lower amounts of most soil nutrients.
Lack of significance of lowered pH on colony islands could be attributed to some colony
islands only being occupied for 5 years or less (New Connors islands) where effects on
soil pH would not be as apparent. Though not statistically significant, it is important to
note that slight variations in acidity in the soil can effect vegetation (Kidd & Proctor,
2001). Maximum values of pH on colony and historic islands was 6 while on control
islands maximum values were 6.7, an almost neutral value. Biologically, this can make a
difference in what could grow on more acidic soils versus more neutral soils as seen on
control islands (Table 2.1).
Vegetation diversity showed a negative trend among islands types, with plant and
tree diversity lower on colony and historic islands compared to control islands (Figure
2.2; Table 2.2). Though not significant, mean number of plant species from plots on
colony islands (6 species) were lower than control islands (8.5 species; Tables 2.2 and
2.5). Difference in mean tree diversity was greater, with only four species found on
colony islands and nine found on control islands. Results in this study are substantiated
by previous studies that found similar numbers of plant and tree species on breeding
grounds in the Great Lakes (Hebert et al., 2005; Boutin et al., 2011). Most notably,
studies in the Great Lakes found that native species to the area were impacted the most,
while pioneer species and annuals proliferated under cormorant impacted conditions.
This pattern of habitat degradation is seen on Guntersville Reservoir where the
understory vegetation on colony islands lacked the diversity found on unoccupied islands.
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Pioneer species such as pokeweed, privet and various Rubus sp. were in high numbers on
colony and historic islands compared to control islands, where native species and species
sensitive to disturbance had higher numbers, such as violets (Viola sp.) and dayflowers
(Commelina sp.) (Table 2.9). Canopy cover was also affected, with greater percent
overstory cover on control islands than on colony and historic islands. This is very
apparent when looking at minimum values of overstory on islands, with control islands
having a minimum 67.6% overstory compared to 12.9% and 7.96% on colony and
historic islands (Table 2.3). Thick understories of early successional plant species and
higher soil nutrient concentrations were also found on islands where cormorants had, and
currently are, nesting. Native species affected by disturbance cannot sustain themselves
in these harsh conditions and are therefore displaced by non-native and hardier species.
Plant and midstory cover were also affected on islands in Guntersville Reservoir.
Midstory cover (within 2.5 m of ground) was denser on historic and colony treatments
than on control islands (Figure 2.5). Control islands had less midstory cover on all levels,
but especially between 0.5 – 1.0 m and 1.5 – 2.0 meters. Additionally, control islands had
less plant cover on the forest floor (Table 2.3). Mature trees and greater canopy cover
(Table 2.3) limit understory growth and reduce plant cover on control islands while a
more open canopy resulted in a dense understory on colony and historic islands.
Tree diversity also differed significantly within cormorant colonies. Thirty three
tree species were present on control islands, compared with 27 species on colony, and 18
species in historic treatments (Table 2.2). These differences among treatments may be
due to differences inherent among islands as some islands have been occupied for longer
periods, such as South Sauty (> 10 years). Tree species found on island types were also of
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note as they follow the same trend in successional characteristics as flora species. Pioneer
species such as black locust, devil’s walking stick and common persimmon are typically
found in areas that have been disturbed (control and historic islands) whereas species that
proliferate in later successional habitats, such as oaks, sweetgum and American
hornbeam, are found on control islands (Table 2.5). Past studies corroborate these
findings, in that some unique plant communities that are susceptible to disturbance tend
to do poorly after cormorant occupation (Boutin et al., 2011). Lastly, loblolly pine was
found almost exclusively on colony and historic islands. Lafferty et al., (2016), found that
nesting cormorants primarily nested on loblolly pine. This suggests that cormorants are
actively seeking pines for nesting on the reservoir islands. Additionally, no pine
regeneration was found on historic islands and native hardwoods such as tulip poplars
(Liriodendron tulipifera), maples (Acer sp.) and sugarberry (Celtis laevigata) were found
to be proliferating. This appears to be a return to historic species composition before
pines were planted for timber production and to decrease erosion in certain areas before
damming of the Tennessee River (Soil Survey Staff, 2016).
Though tree diversity is affected by cormorant colonies, tree health was not seen
to be adversely effected by occupation. Unlike Lafferty et al. (2016), I found no
significance in vigor class by island type, though inclusion of abandoned colonies and a
confounding variable of years occupied may have influenced this result. Included in the
model, occupancy did not alter results, though a histogram of vigor class and occupancy
does show a pattern of healthier trees (vigor class 1 and 2) on control islands and more
dead or dying trees (Vigor class 3 and 5) on colony islands (Figure 2.4), with tree
numbers increasing with years occupied (Figure 2.3). Because trees do not die
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immediately after occupancy, it makes sense that vigor class would not be affected on
colony islands that have only been occupied 5 years or less. Also, historic islands had
nearly equal amounts of healthy trees (vigor class 1) and dead trees (vigor class 5). Given
cormorants abandoned these islands due to tree die-off (blown down by inclement
weather or similar factors), a lack of nesting habitat would be prevalent on historic
islands. Because cormorants have stopped nesting on historic islands, saplings and
secondary successional habitat would be present, accounting for the influx of saplings
and healthier trees (Figure 2.3). Vigor class 1 trees also had the smallest DBH (< 25 cm)
compared to other vigor classes, while those in vigor class 5 dominate the upper DBH
class (> 25 cm). Historic islands indicated effects of cormorant occupancy even after ~10
years of abandonment, though regeneration of native tree species is apparent. Analyses of
DBH by treatment type supports these conclusions in that mean DBH on colony islands
differ significantly from control islands at p < 0.05 (Figure 2.2). Mean DBH on control
and historic islands are smaller compared to colony islands and max ranges on DBH are
higher on colony islands (Figure 2.2). This may also explain why cormorants are
breeding on colony islands in that nesting trees hear are larger in size and the majority of
tree species in the higher DBH class are loblolly pines, the preferred tree cormorants nest
on.
There is a clear distinction between colony islands and control/historic islands for
avian diversity (Figure 2.7). Many warbler species and those species that prefer shrubby
understory were found on colony islands, some of which were species of conservation
concern (Table 2.7). Loss of overstory tree canopy, decreased shading and increases in
early successional ground cover and midstory vegetation may support some of these early
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successional species. These changes in vegetation structure are likely borne out through
cormorant nesting activity including nutrient deposition (Boutin et al. 2011).
Overall, colony islands had a lower Chao2 diversity index than control and
historic islands (Figure 2.6). Red-headed Woodpecker, were more likely encountered in
the historic islands, especially Connors, most likely due to the plethora of pine snags
from cormorant abandonment 7 years earlier. Prothonotary Warbler were also found
more on historic islands than the other two island types. Prothonotary Warblers favor
wooded areas that are flat and shaded with standing dead trees, inhabited by woodpecker
species and Carolina Chickadees (Poecile carolinensis), all seen on historic islands on
Guntersville Reservoir (Petit, 1999). After cormorant abandonment, avian diversity and
community structure seemed to increase and proliferate, suggesting that these islands
could stabilize over time, although it may take more than a decade. Further research
would provide insight into how quickly these communities change and what subsequent
avian community structure develops.
My findings highlight that breeding cormorants have long-term impacts to soil,
vegetation structure, tree density and health and bird diversity on warm temperate moist
forest insular habitats in the southeastern U.S. Although similar impacts on soil,
vegetation, tree density and tree health have been recorded for cormorants colonies in
North America, Europe and Asia (Ishida, 1996; Breuning-Madsen et al., 2010; Kolb et
al., 2010; Boutin et al., 2011), long-term impacts of nesting cormorants to insular habitats
in warm temperate moist forest ecosystems have not been documented. Furthermore, my
research links direct cormorant impacts on vegetation, which indirectly changes avian
diversity and use on colony and abandoned islands. These results can be applied to
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multiple ecological areas throughout the world is useful for cooperation and shared
techniques between managers and biologists.
More research is needed to fully understand the indirect effects of cormorant
occupancy on bird communities, such as a decrease in avian diversity. This research
should include yearly point count surveys and nest counts of birds breeding on islands
used in this study. Additionally, focus can be shifted to small mammal and amphibian
communities, and how they may be impacted by cormorant borne changes. Future studies
are needed on Guntersville Reservoir to understand cormorant behavior in this system
and why cormorants may choose certain islands over others, islands of which have
similar pine species cormorants are known to use. Because cormorants on this reservoir
are seen to abandon one island and move on to another, these impacts will likely increase
throughout the reservoir, while abandoned colonies will sustain impacts for decades to
come. This is a key difference in southeastern breeding colonies from northern breeding
grounds in the U.S. where cormorants will often ground nest after tree die-off and
movement to additional islands is not as frequent.
Management Implications
Materials deposited by cormorants can significantly affect soil chemistry,
structure of vegetation, and bird diversity in southeastern insular habitats. Early detection
and action can be a useful tool to decrease effects of cormorants in these systems. If
management action such as harassment or lethal take can be used early on, long-term
effects of cormorants on nesting islands may be curtailed or decreased. Artificial nest
platforms or “sacrificial” islands (those that cormorants can nest on without harassment)
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could also be employed to stall spread of cormorant colonies to novel islands and
reservoir systems.
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Table 2.1

Island Type
Colony
Control
Historic

Summary statistics for pH, potassium (K[lbs./acre]), phosphorus
(P[lbs./acre]) and nitrate (NO3-[ mg/kg in soil]) from samples collected
from active cormorant colonies (colony), islands with no history of nesting
(control) and abandoned colony islands (historic) on Guntersville
Reservoir, Alabama, June – August 2016.
n
30
32
34

pH
Mean (SD)
4.66 (0.5)
5.27 (0.6)
4.51 (0.6)

P (lbs/acre)
Island Type n Mean (SD)
30 436 (443.27)
Colony
32 107.34 (153.85)
Control
34 883.74 (703.19)
Historic

K (lbs/acre)
Range
Mean (SD)
3.70 – 6.0 225.90 (124.83)
4.30 – 6.7 89.50 (42.11)
3.60 – 6.1 189.88 (95.59)
NO3 - (mg/kg)
Range
Mean (SD)
12 – 1545 54.48 (45.55)
7 – 750
10.13 (18.10)
20 – 2944 47.44 (61.85)
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Range
87 – 652
29 – 175
64 – 475

Range
11.51 – 194.25
0.13 – 85.79
0.16 – 316.29

Table 2.2

Island Type
Colony
Control
Historic

Summary statistics for plant (1m2) and tree (15m radius) species per unit
area from samples collected from active cormorant colonies (colony),
islands with no history of nesting (control) and abandoned colony islands
(historic) on Guntersville Reservoir, Alabama, June – August 2016.
n
30

Plant Diversity
Tree Diversity
Mean (SD) Range Mean (SD) Range

5.97 (3.55)
32 8.48 (3.69)
34 5.91 (3.03)

1 – 14
3 – 19
2 – 14

3.91 (3.12)
9.11 (3.88)
4.35 (2.46)
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1 – 14
1 – 16
1–9

Table 2.3

Island Type
Colony
Control
Historic

Island Type
Colony
Control
Historic

Summary statistics for vegetative cover and canopy cover from samples
collected from active cormorant colonies (colony), islands with no history
of nesting (control) and abandoned colony islands (historic) on Guntersville
Reservoir, Alabama, June – August 2016.
n
30
32
34

Percent Plant Cover
Mean (SD)
Range
54.29 (36.27)
1 – 99
51.77 (32.21)
1 – 100
71.24 (32.86)
5 – 100

n
35
27
34

Percent Canopy Cover
Mean (SD)
Range
65.72 (22.71)
12.9 – 93.76
83.63 (9.06)
67.7 – 97.14
67.92 (23.24)
7.96 – 94.8
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Scientific Name
Ulmus americana
Carpinus caroliniana
Platanus occidentalis
Taxodium distichum
Prunus serotina
Robinia pseudoacacia
Quercus velutina
Nyssa sylvatica
Acer negundo
Cephalanthus occidentalis
Rhamnus caroliniana
Melia azedarach
Diospyros virginiana
Aralia spinosa
Cercis canadensis
Junipera virginiana
Cornus florida
Fraxinus pennsylvanica
Celtis occidentalis
Gleditsia triacanthos
Pinus taeda
7
5
11

3

2
6

31

4

8

4

9

2
15

35
2
12
2
4

5

11

3

2

2

5

12
29
23

1

2

2

47
2
10
20
19

1

1

72
34
94

9
1

2
4
10
1

74

2

3
15
63
3

6
124

ENS/
NSS WNS

SE
CON

NSAUT

NCON
1-3
SSS

Control Islands

Colony Islands

9

4

110

OLDC

23

3

1

3
140

1

6
19
2

CON

Historic Islands

2

1

3

11

7

6

OSS

Summary of all tree species documented within 15m survey plots located on islands with active cormorant colonies
(colony), islands with no history of nesting (control) and abandoned colony islands (historic) on Guntersville
Reservoir, Alabama, June – August, 2016.

Common Name
American Elm
American Hornbeam
American Sycamore
Bald Cypress
Black Cherry
Black Locust
Black Oak
Blackgum
Boxelder
Buttonbush
Carolina Buckthorn
China Berry
Common Persimmon
Devil's Walking Stick
Eastern Redbud
Eastern Redcedar
Flowering Dogwood
Green Ash
Hackberry
Honey Locust
Loblolly Pine

Table 2.4
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NCON

Colony Islands
SE

ENS/

Control Islands

Historic Islands

Common Name
Scientific Name
1-3
SSS NSAUT CON NSS WNS OLDC CON OSS
Mimosa
Albizia julibrissin
2
Mockernut Hickory
Carya tomentosa
1
Pawpaw
Asimina triloba
16
Post Oak
Quercus stellata
1
Red Buckeye
Aesculus pavia
20
3
Red Maple
Acer rubrum
16
1
22
1
14
41
11
2
Red Mulberry
Morus rubra
19
1
6
Sassafras
Sassafras albidum
1
2
1
11
102
Silver Maple
Acer saccharinum
7
2
2
2
2
2
1
Swamp Chestnut Oak Quercus michauxii
12
7
5
Sweetgum
Liquidambar styraciflua
2
17
23
114
Tulip Poplar
Liriodendron tulipifera
4
5
1
5
20
19
14
4
Water Oak
Quercus nigra
20
54
96
White Ash
Fraxinus americana
3
1
Willow Oak
Quercus phellos
11
Winged Elm
Ulmus alata
1
Winged Sumac
Rhus copallinum
3
Oak sp.
Quercus sp.
1
Unk Genus
1
3
3
Values for each tree species are total count by species found per island, where island abbreviation and treatment group is above
each column.

Table 2.4 (Continued)
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Common Wingstem
Creeping Burhead
Crossvine
Devil's Darning
Needle
Ebony Spleenwort

Christmas Fern
Climbing Hempvine

Alligator Weed
Beafsteak Plant
Bermuda Grass
Black Snakeroot
Blackberry Bush
Bloodroot
Canada Violet
Carolina Moonseed
Cat Greenbriar
Chinese Lespedeza

Alabama Sucklejack

Native

Native
Native
Native

Native
Native

Non
Non
Native
Native
Native
Native
Native
Native
Non
Native

Native
Non

Native
Status

Clematis virginiana
Asplenium platyneuron

Verbesina alternifolia
Echinodorus cordifolius
Bignonia capreolata

Berchemia Scandens
Alternanthera
philoxeroides
Perilla frutescens
Cynodon dactylon
Sanicula canadensis
Rubus argutus
Sanguinara canadensis
Viola canadensis
Cocculus carolina
Smilax glauca
Lespedeza cuneata
Polystichum
acrostichoides
Mikania scandens

Scientific Name

79

7

8

2

22
4

4

1

23

20

5

14
9

27

23

2

5

3

19

18

12

48

8

6

179

9

1

4

1
11
1

5

51

19

53

CON

2

24
18

9

37

1

145
1

OSS

OLDC

N
SAUT

SSS

ENS/WNS

SE
CON

NCON
1 -3
NSS

Historic Islands

Control Islands

Colony Islands

Summary of all plant species documented in 1x1m quadrant plots located in active cormorant colonies (colony),
islands with no history of nesting (control) and abandoned colony islands (historic) on Guntersville Reservoir,
Alabama, June – August, 2016.

Common Name

Table 2.5
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Late Flowering Boneset
Lizard's Tail
Mint Family
Morning Glory
Muscadine Grape
Oatgrass
Partridge Berry
Passion Flower
Plantain

Elderberry
Goldenrod
Grass
Gray's Sedge
Greater Marsh St. John's
Wart
Hazel Alder
Horseweed
Indian Strawberry
Japanese Honeysuckle
Jewelweed
Lamb's Quarter
Lanceleaf Greenbriar

Common Name

Table 2.5 (Continued)
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Non
Native
Native
Native
Native
Non

Native

Native
Native
Non
Non
Native
Non
Native
Native

Native
Native
Native
Native
Native

Native
Status

Hypericum walteri
Alnus serrulata
Conyza canadensis
Duchesnea indica
Lonicera japonica
Impatiens capensis
Chenopodium album
Smilax smallii
Eupatorium
serotinum
Saururus cernuus
Lamiaceae Family
Ipomoea purpurea
Vitis rotundifolia
Danthonia sp.
Mitchella repens
Passiflora incarnata
Plantago sp.

Sambucus nigra
Solidago canadensis
Poaceae Family
Carex grayi

Scientific Name

39
52

4

31

17
6

3

10

1

6

9

11

5
1

1

49

1
10
1

35

10

5

54

7

6

20

12
1

2

38
27

23

27

NSS

2

1

1

155
1

6

3

53

35
10

ENS/WNS

SE
CON

N
SAUT

NCON
1-3
SSS

Control Islands

Colony Islands

6

1

171

57

OLDC

1

3

2
23

3

CON

15

6
18
4

12

15
15
76

21

6
76

OSS

Historic Islands

Pokeweed
Potato Bean
Privet
Roundlead
Greenbriar
Saw Greenbriar
Sawgrass
Slender Lespedeza
Smartweed
Smooth Ticktrefoil
Spanish Needle
St. Andrew's Cross
Star Cucumber
Stinging Nettle
Strawberry Bush
Swamp Dogwood
Swamp
Leatherflower
Switchcane
Threeawn Grass
Trumpet Creeper

Poison Ivy

Common Name

Table 2.5 (Continued)
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Native
Native
Native

Native
Non
Non
Native
Native
Native
Native
Native
Non
Native
Native
Native

Native
Non
Native

Native
Native

Native
Status

Clematis crispa
Arundinaria gigantea
Aristida sp.
Campsis radicans

Smilax rotundifolia
Smilax bona-nox
Cladium sp.
Lespedeza virginica
Polygonum sp.
Desmodium laevigatum
Bidens bipinnata
Hypericum hypercoides
Sicyos angulatus
Urtica dioca
Euonymus americanus
Cornus racemosa

Phytolaca americana
Apios americana
Ligustrum sp.

Scientific Name
Toxicodendron radicans

1

24
21

10

2

1180

7

1
46
8

207

285

17

216

3

1

2

9

1

30

1

1

10
10

4

16

123

NSS

SE
CON

60

5

3
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8

ENS/
WNS

Control Islands
N
SAUT

NCON
1-3

SS
S

Colony Islands

3

1

2

12

1

906

6

OLD
C

17

OS
S

22

5
11

8

3

4

1

73

1

6

1221 118
3
1
46

CON

Historic Islands

Native

Native
Status

Parthenocissus
quinquefolia
Commelina virginica
Hibiscus moscheotos
Vitis aestivalis
Colocasia esculenta
Lactuca floridana
Elephantopus
tomentosus

Scientific Name

ENS/
WNS

CON

OSS

OLD
C

NSS

SE
CON

N
SAUT

NCON 13
SSS

Historic Islands

Control Islands

Colony Islands

31
Virginia Creeper
10
3
6
Native
41
Virginia Dayflower
89
11
287
43
682
Na
ti
ve
Wild Cotton
4
Native
Wild Grape
1
1
Non
Wild Taro
19
Native
Woodland Lettuce
9
52
56
18
21
26
Woolly Elephant's
Native
Foot
4
Non
Yam-Leaved
Clematis
1
Clematis terniflora
Native Oxalis Stricta
Yellow Woodsorrel
9
Numbers in table represent total count of each plant species by island, with island abbreviation and treatment group shown in
column head.

Common Name

Table 2.5 (Continued)
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Table 2.6

Variables for first two axes in the ordination plot of avian species found on
active cormorant colonies (colony), islands with no history of nesting
(control) and abandoned colony islands (historic) within Guntersville
Reservoir, Alabama during June – August, 2017 and correlations within
island treatment types.

Statistic
CCA Axis I CCA Axis II
r
P
Eigenvalues
0.56
0.43
Cumulative proportion
0.24
0.42
Intraset Correlations:
Colony
0.35
-0.41
0.48 0.35
Control
-0.01
0.24
0.48 0.35
Historic
-0.46
0.23
0.48 0.35
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Table 2.7

Summary of all avian species documented at point count surveys on active
cormorant colonies (colony), islands with no history of nesting (control)
and abandoned colony islands (historic) on Guntersville Reservoir,
Alabama.

Species
American Crow
Barn Swallow
Belted Kingfisher
Blue Jay
Blue-gray Gnatcatcher
Blue-winged warbler
Brown-headed Cowbird
Brown-headed Nuthatch
Canada Goose
Carolina Chickadee
Carolina Wren
Common Grackle
Common Yellowthroat
Downy Woodpecker
Eastern Kingbird
Eastern Phoebe
Eastern Towhee
Eastern Wood-peewee
European Starling
Fish Crow
Great-blue Heron
Hairy Woodpecker
House Finch
House Sparrow
House Wren
Indigo Bunting
Mourning Dove
Northern Cardinal
Northern Flicker
Northern Mockingbird

Continental
Colony Historic Control
Concern
Score *
AMCR
4
5
3
7
BARS
1
8
BEKI
2
2
10
BLJA
1
2
8
BGGN
1
5
7
BWWA
4
13
BHCO
4
1
7
BHNU
1
3
13
CAGO
2
1
6
CACH
10
8
17
9
CARW
25
36
26
7
COGR
36
28
15
9
COYE
2
1
9
DOWO
1
1
7
EAKI
9
9
15
11
EAPH
2
3
8
EATO
10
10
25
11
EAWP
1
1
17
10
EUST
1
4
3
7
FICR
2
8
1
10
GBHE
2
4
4
8
HAWO
1
6
HOFI
1
6
HOSP
1
8
HOWR
1
5
INBU
2
1
9
MODO
5
6
NOCA
66
63
54
5
NOFL
1
3
9
NOMO
2
1
8
Alpha
Code
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Table 2.7 (Continued)
Species

Alpha
Code

Colony Historic Control

Continental
Concern
Score *
10
7
7
7
14
14
10
7
6
13
8

Orchard Oriole
OROR
3
4
Osprey
OSPR
8
11
15
Pileated Woodpecker
PIWO
2
2
Pine Warbler
PIWA
6
1
3
Prairie Warbler
PRAW
1
Prothonotary Warbler
PROW
1
2
Purple Martin
PUMA
7
Red-bellied Woodpecker
RBWO
1
4
5
Red-eyed Vireo
REVI
2
1
Red-headed Woodpecker
RHWO
3
13
2
Red-winged Blackbird
RWBL
3
4
8
Ruby-throated
RTHU
2
2
8
Hummingbird
Summer Tanager
SUTA
1
9
Tufted Titmouse
TUTI
4
8
16
7
White-breasted Nuthatch
WBNU
2
6
White-eyed Vireo
WEVI
2
8
Yellow-bellied Sapsucker
YBSA
1
7
Yellow-billed Cuckoo
YBCU
7
4
12
Yellow-breasted Chat
YBCH
1
10
Yellow-throated Warbler
YTWA
4
3
10
For each species, the Continental Concern Score from Partners in Flight, 2017. Avian
species are represented by the total count of a species by island type and a species
associated Continental Concern Score found on 13 locations on all six visits from June –
August, 2017, with treatment group shown in column head.
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Figure 2.1

Soil characteristics collected from active cormorant colonies (colony),
islands with no history of nesting (control) and abandoned colony islands
(historic) on Guntersville Reservoir, Alabama, June – August 2016.

Letters above each boxplot reflect results of post-hoc tests, with different letters
signifying differences in means among treatments.

48

Figure 2.2

Tree diversity and DBH (cm) measurements collected from active
cormorant colonies (colony), islands with no history of nesting (control)
and abandoned colony islands (historic) on Guntersville Reservoir,
Alabama, June – August 2016.

Letters above each boxplot represent results of post-hoc tests, with different letters
signifying a difference in means.
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Figure 2.3

Tree count by vigor class, characterized by years colonized, collected from
active cormorant colonies (colony), islands with no history of nesting
(control) and abandoned colony islands (historic) on Guntersville
Reservoir, Alabama, June – August 2016.

Vigor class scale: (1) Healthy, no decay (2) Mostly Healthy, <25% decay (3) Dying, >
50% decay (5) Snag. Years colonized is described in the legend on the right of the figure.
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Figure 2.4

Tree count by vigor class, characterized by island type, collected from
active cormorant colonies (colony), islands with no history of nesting
(control) and abandoned colony islands (historic) on Guntersville
Reservoir, Alabama, June – August 2016.

Vigor class scale: (1) Healthy, no decay (2) Mostly Healthy, <25% decay (3) Dying, >
50% decay (5) Snag. Island type is described on the legend to the right of the figure.
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Figure 2.5

Comparisons of midstory groups and vegetative cover by treatment types
of active cormorant colonies (colony), islands with no history of nesting
(control) and abandoned colony islands (historic) on Guntersville
Reservoir, Alabama, June – August 2016.

Letters above each boxplot represent results of Dunn tests, with different letters
signifying differences in ranked means.
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Figure 2.6

Chao2 diversity indices from avian point count surveys recorded from
active cormorant colonies (colony), islands with no history of nesting
(control) and abandoned colony islands (historic) on Guntersville
Reservoir, Alabama, June – August 2017.

Letters above the boxplot represent result of the post-hoc test, with different letters
signifying a difference in means.
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Figure 2.7

Ordination plot of all avian species found on active cormorant colonies
(colony), islands with no history of nesting (control) and abandoned colony
islands (historic) on Guntersville Reservoir, Alabama, June – August, 2017.
Colored ellipses represent the three island types.

The four letter ALPHA codes in black (common names of species given in Table 2.7) are
species that have the most influence on variables in the CCA and differentiate island
types (ellipses) from each other.
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HOME RANGE AND CORE USE AREAS OF DOUBLE-CRESTED CORMORANTS
ON GUNTERSVILLE RESERVOIR DURING A BREEDING SEASON
Abstract
Seasonal movements of Double-crested Cormorants (Phalacrocorax auritus) have
been studied on their breeding grounds on North America’s Great Lakes and wintering
sites in the southeastern United States. Little information currently exists on movements
of these birds in the southeastern United States. Since 2001, cormorants have been
nesting on islands in Guntersville Reservoir in Alabama. Following movements of these
birds, using satellite telemetry, I found that during the breeding season of 2017 (March –
August) cormorants had a home range of 41.76 km2, with a core area of 6.36 km2. Mean
home range used by these birds was larger during the Incubation period (May 9th – May
30th: 98.86 ± 80.64 km2), than during the Chick-rearing period (May 31st – July 4th: 18.30
± 22.56 km2), and Post-fledge period (July 5th – August 15th: 42.04 ± 30.95 km2).
Differences in space use by Double-crested Cormorants breeding in Alabama, relative to
the Great Lakes may be explained by landscape and availability of prey between these
two distinct geographic areas. Cormorants on Guntersville move more when they are
incubating eggs with movement less when adults are rearing chicks and after chicks have
fledged. This decrease in movement after Incubation may be due to cormorants needing
to fulfill the energetic requirements of their chicks with shallow water depths on
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Guntersville Reservoir enabling cormorants to use smaller areas to access prey resources
adjacent to colony sites.
Introduction
In North America, Double-crested cormorants (Phalacrocorax auritus,
cormorants) populations have been increasing since the late 1970’s (Wires & Cuthbert,
2006). As breeding cormorants increase, particularly in the Interior portion, so do
wintering cormorants in the southeast, especially on aquaculture facilities that have been
established throughout the region since the 1980’s (Dorr et.al, 2004). Increased
cormorant populations has heightened conflict between cormorant and humans,
specifically manifested through concerns over impacts of these birds on sport fishing,
economic loss from depredation on aquaculture ponds, and degradation of natural
resources on breeding sites (Dorr & Fielder, 2017). In response, the US Fish and Wildlife
Service (USFWS) implemented various harassment practices to control numbers on both
the Great Lake breeding sites and southeastern wintering grounds (Guillaumet et.al,
2011). Various studies have been to analyze movement patterns on cormorants during
migration as well during wintering and breeding seasons. Understanding individual
species’ movements can lend insight into foraging trips and patterns within and between
migrations for a species. In the advent of cormorants utilizing new areas for breeding
sites in the southeast (Barras, 2004; Lafferty et.al, 2016), it is important to evaluate how
cormorants that do not leave the southeast utilize their breeding grounds. Calculating
home ranges and core use areas for southeastern breeding birds can give even more
insight into a bird that is steadily increasing and expanding its range in North America
(Wires & Cuthbert, 2006).
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Depth, distance from shore and proximity to loafing/staging areas are all factors
known to affect how Double-crested Cormorants utilize aquatic habitats during winter
and breeding seasons (Guillaumet et.al, 2011; Dorr et.al, 2014). Cormorants require
suitable daytime loafing areas as well as nighttime roosts during all seasons with channel
markers, floating debris and low lying wires and trees used by cormorants throughout
their seasonal ranges (Dorr et.al, 2014). Water depth has been shown to significantly
affect cormorant movements, with birds typically capturing prey between 1 to 10 m in
depth (Coleman et.al, 2005). Loafing or staging areas are also important for movement,
with birds using small islands or channel markers to rest and dive for prey. Islands or
inlets 3 km from the mainland are also chosen on both winter roost and breeding sites,
most likely for predator avoidance (Wires & Cuthbert, 2010) with foraging distance
within 20 km on average from these roosting or breeding sites (Stapanian, 2002; Coleman
& Richmond, 2007). Cormorants may move differently among habitats between
wintering and breeding seasons (Scherr et.al, 2010; King et.al, 2012).
During the winter, cormorants that nest in North America’s Great Lakes migrate
south to coastal inlets or to aquaculture ponds throughout the southeastern United States
(Glahn et.al, 2000). Geographically, the Lower Mississippi Valley and northern Gulf of
Mexico are wintering spots for the interior meta-population of cormorants (King et.al,
2010). Yet movements between these locations differ, with cormorants on lakes and
coasts using an average home range of 81 km2 while those in aquaculture ponds average a
home range of 2,760 km2 (Scherr et.al, 2010). King et.al (2012) calculated home ranges
and core use areas for wintering cormorants throughout the Lower Mississippi Alluvial
Valley and saw an average home range of 17,490 km2 and a mean core use area of 1,550
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km2, though individual cormorant home ranges differed considerably in size among
individual birds. Conversely, cormorants breeding in Lake Ontario and wintering in this
same region utilized a mean home range and core use area of only 4,609 km2 and 566
km2 respectively, less than half of what was reported for the Lower Mississippi Alluvial
Valley (King et.al 2012).
During the breeding season, different movement patterns are also observed
throughout the Great Lakes. Cormorants nesting in Lake Ontario had home ranges and
core use areas of 4,646 and 820 km2, respectively (Dorr et.al, 2012). Conversely,
cormorants tagged in the Mississippi Alluvial Valley that bred throughout the Great
Lakes had home ranges and core use areas almost triple the size seen in solely near Lake
Ontario (Dorr et.al, 2012; King et.al, 2012). Cormorants tagged from 2004 to 2007 in the
Great Lakes had a mean home range of 1,937 km2 (Guillaumet et.al, 2011). This
variability in both wintering and breeding seasons has been explained due to different
colony effects, proximity of staging sites to individual cormorants belonging to either the
Atlantic meta-population or the Interior meta-population (Guillaumet et.al, 2011; King
et.al, 2012). Simple depletion of suitable prey species could also account for these
differing mean home ranges and core use areas plus individual variability between
breeding and wintering years (Dorr et.al, 2012). Regardless of intra-seasonal variability,
differences between wintering and breeding cormorants is even more apparent.
Wintering sites in the southeast, particularly in the Mississippi Alluvial Valley,
afford a greater prey base due to prey being in close proximity to roosting sites (King
et.al, 2012). This could explain why home ranges in the Great Lakes during the breeding
season are larger in comparison to wintering home ranges in the southeast (King et.al,
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2012). Most cormorants stay in one roost spot for the majority of the winter if food is
adequate and travel a mean distance of 19 km to aquaculture ponds (Dorr et.al, 2004).
Cormorants require much higher foraging and energetic requirements during the breeding
season due to raising young which also explains a larger home range and cores use size
during this time (King et.al, 2012). This raises the question of how cormorants that both
winter and breed in the southeast move across the landscape and whether it may be
similar or different from cormorants migrating to breed up north.
For cormorants breeding in the southeastern U.S., island size and distance from
mainland may not be significant drivers in home range as much as water depth and
available loafing areas (King et.al, 2012). Reservoirs in the southeast are drastically
smaller in scope and size from the Great Lakes, which are natural systems, with islands
on reservoirs also significantly smaller. Though different in size, water depth is likely just
as important in both areas for optimal forage as well as loafing areas for cormorants to
dry off and rest in between foraging sessions (Enstipp et.al, 2005; Dorr et.al, 2014).
The number of cormorants using Guntersville Reservoir during their breeding season
(March – August: Dorr et.al, 2014) has increased since signs of nesting were first
documented in 2001 (Barras, 2004). Very little is currently known about how cormorants
move within Guntersville Reservoir during their breeding season or movements of
southern breeding cormorants in general. It is theorized that cormorants that breed in the
southeastern United States are year-round residents of their breeding sites. My objective
for this study was to measure home ranges and core use areas for individual cormorants
for a breeding season. My prediction was that cormorants will utilize a smaller area
around nesting sites due to the smaller aquatic system Guntersville Reservoir represents
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compared to northern breeding birds in the Great Lakes. Home range sizes for
Guntersville breeding birds will be more closely related to home ranges seen in wintering
birds in the southeast. Additionally, cormorants breeding on Guntersville Reservoir may
meet energetic requirements easier than those in the Great Lakes due to the shallow depth
of the reservoir and proximity of adequate loafing and resting areas near colony islands.
Study Site and Methods
This study was conducted on Guntersville Reservoir located in Marshall and
Jackson counties in northeast Alabama, USA (Figure A.1). Guntersville Reservoir was
created by damming the Tennessee River in 1939 with hydrology within the reservoir
controlled by the Guntersville Dam. Temperature and climate are temperate with
summer’s averaging 27˚C and winters around 15˚C (Soil Survey Staff, 2016). Deciduous
hardwoods, such as oak’s (Quercus sp.) and hickory’s (Carya sp.), and coniferous trees
such as red cedar (Juniperus virginiana) and loblolly pine (Pinus taeda) are all prevalent
within the reservoir system (Soil Survey Staff, 2016). Islands are present throughout the
reservoir that were made by flooding of the Tennessee River when Guntersville Dam was
finished in 1939.
To meet my objective of determining cormorant home range and cores use areas I
targeted known locations near breeding colonies to trap adult, breeding birds, specifically
locations near colonies on South Sauty and New Connors Island 1, 2, and 3 (Figure A.2).
Spring loaded leg hold traps were used to capture cormorants from May – July 2017
(King et.al, 2000). Leg hold traps were placed on loafing areas such as downed logs or
debris sticking out of the water so that when the target cormorant stepped on the trap, a
spring switched to “hold” the captured leg of the cormorant without injury or escape. A
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rubber buffer was installed inside the clamps to decrease the chance of injury as well as
replacing factory coil springs with weaker springs to reduce the closing force on the leg.
The factory chain was replaced with aircraft cable and elastic shock-cord to minimize
injury when the captured bird lunged to escape (King et.al, 2000).
All captured birds were banded with an individually numbered aluminum leg
band (United States Geological Society (USGS)) as well as a uniquely coded plastic leg
band. I also collected a blood sample from each adult cormorant to send for analysis to
determine the sex. I used a 25 – 27 gauge syringe needle, depending on supply, to pierce
the right, medial metatarsal vein of each bird. A blood sample (~ 20 – 50 uL) was
collected and applied to a PermaCode Card for genetic sexing of the sampled bird
(Animal Genetics, Inc., Tallahassee, FL USA).
I placed a satellite transmitter (GeoTrak Inc., model number GT-22GS-GPS) on
each cormorant using methods described by King and Tobin (2000) and Dunstan (1972)
(Figure B.1). Transmitters were positioned on each bird using a backpack harness
(Dunstan 1972) with the transmitter affixed externally and secured using Teflon ribbon,
with small metal bird bands crimped to secure harness to the bird. So that any harsh
edges from the metal band would not adversely affect the cormorant, shrink tubing
covered these attachment sites using a standard sauntering iron (Figure B.1).
Each GPS tag weighed 22g and had an attached solar panel with a supply voltage
of 3.6 to 4.2 volts DC for continuous battery life. Sensor data from each GPS PTT unit
were checked every other day to make sure a unit was not losing power. If a unit was
found to be consistently coming from one location for more than 3 days, or had not
transmitted a location for more than 3 days, the unit was tracked via the VHF device
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attached to the tag until the device was recovered. Argos data were uploaded every 48
hours by Argos system.
Telemetry data were subset into three categories for analysis, based on breeding
periods: (1) Incubation, (2) Chick-rearing and (3) Post-fledge. The Incubation period was
delineated as May 9 – May 30, based on cormorants incubating eggs for 21 – 28 days
(Dorr et.al, 2014). Since capture was delayed, a week was cut from this period to make
up for Guntersville birds nesting earlier than their Great Lake counterparts. Chick-rearing
was defined as from May 31 – July 4 (28 – 30 days; Dorr et.al, 2014), and the Post-fledge
period defined from July 5 – August 15. Due to cormorants in Guntersville starting to
nest in late March all the way into early June, I also combined Incubation and Chickrearing into one time period and analyzed this data, since some cormorants may have
already been brooding chicks during the set Incubation period.
Statistical Analysis
Home range and core use areas were calculated by finding the utilization
distribution (UD) of individuals through kernel density estimation (Calenge, 2006).
Kernel method estimation of the UD does not hold estimates to parametric assumptions
so can more accurately estimate densities of any shape by smoothing locations to not over
or underestimate distributions (Worton, 1989; Seaman & Powell, 1996). Since habitat use
of an animal is non-normal and mostly multimodal, kernel estimators take into account
the frequency or intensity of use of a certain location, rather than just the presence of an
individual. Weighting the area by amount of use gives a more accurate representation of
an area that an animal uses and the intensity of that use (Seaman & Powell, 1996). For
tagged cormorants in this study, bivariate normal kernel functions were placed over each
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relocation point, with all functions averaged for a kernel density estimation of the UD for
that individual cormorant. A smoothing parameter, h, was also applied to the estimation
to control the width of the kernel function placed over the point used. The type of h used
for the analysis is crucial so that neither an over or underestimation of the UD is
assumed. For my analysis the ad hoc method, or reference bandwidth, was calculated as
the h for each point. The equation to do so:
1

ℎ = 𝜎𝑛− 6
where

𝜎 2 = 0.5(𝑣𝑎𝑟(𝑥) + 𝑣𝑎𝑟(𝑦))

assumes the function is a bivariate normal kernel, as stated above. The home range was
found by using the 95% use of the individual while the core use area was found by using
the 50% use area. Analysis was done using Program R (R Core Team, 2017) in package
‘adehabitatHR’ (Calenge, 2006).
Results
During May – July 2017, 10 Solar GPS PTT tags equipped with a VHF device
were deployed, with 2,916 locations recorded for these birds for the full tracking season
(May – July, 2017) with 1,775 locations from the breeding season, 1,140 locations from
the Post-fledge season. One tag, ID 129279, was deployed twice on two separate
cormorants, due to bird mortality on first tagged bird on July 17th, 2017. The mean home
range for all breeding cormorants for the entire breeding season was 41.76  33.19 km2
(range: 6.77 – 82.09 km2). When separated into periods, during Incubation (May 9 – May
30) the mean home range was 98.86  80.64 km2 (range: 27.35 – 216.24 km2). For
Chick-rearing (May 31 – July 4), the mean home range was 18.30  22.56 km2 (range:
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1.34 – 55.78 km2) and for Post-fledge (July 5 – August 15) the mean home range was
42.04  30.95 km2 (range: 8.05 – 82.09 km2). Combining Incubation and Chick-rearing
into one period results in a mean home range of 40.19  32.34 km2 (range: 8.43 – 80.78
km2, Table 3.1) for this period. The mean home range for juvenile cormorants was 58.18
 80.52 km2 for the full season (range: 5.29 – 150.84 km2) and for just the breeding
season the mean home range was 7.59  10.10 km2 (range: 0.45 – 14.73 km2, Table 3.1).
The mean core use area for adult cormorants for the whole season was 6.36  4.89
km2 (range: >1.0 – 13.13 km2). When separated into periods, Incubation mean core use
area was 14.59  11.22 km2 (range: 3.57 – 30.11 km2). For Chick-rearing, the mean core
use area was 2.75  4.12 km2 (range: 0.23 – 10.83 km2) and for Post-fledge the mean
core use area was 5.51  4.70 km2 (range: 1.53 – 13.13 km2). Combining Incubation and
Chick-rearing into one breeding subset brings the mean core use area to 4.96  3.98 km2
(range: 1.16 – 11.34 km2, Table 3.2). The mean core use area for juvenile cormorants was
9.03  11.77 km2 for the full season (range: 0.96 – 22.54 km2) and for just the breeding
season the mean core use area was 1.44  1.99 km2 (range: 0.04 – 2.85 km2, Table 3.2).
The mean home range for the full tracking season and for the post season set were
computed without two juveniles cormorants, that migrated from Guntersville before the
select cut-off date for analysis. These two birds left Guntersville Reservoir at the end of
July and early August and it was decided that this was too early of a cut-off date in lieu of
other tagged cormorants that were active breeders during this time. Another juvenile bird
was tagged at the tail end of the season and used in analysis for the entire season.
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Discussion
Compared to previous research of home ranges, cormorants on Guntersville
Reservoir were using much less area to forage and care for daily needs. Studies of
cormorants in the Mississippi Delta region in the southeastern U.S. during the summer
saw a mean home range of 30,547  6,197 km2 (King et.al, 2012) compared to a mean
home range of 41.76  33.19 km2 on Guntersville Reservoir. The same goes for core use
area, where MS Delta cormorants used over two times the amount of area than
cormorants in Guntersville. This may be due to Guntersville cormorants breeding, while
MS Delta birds in the summer are likely using this location for foraging only and did not
migrate to the Great Lakes to breed (King et.al, 2012). Cormorants breeding in Lake
Huron on the Great Lakes were foraging in areas of around 3,000 km2, still over double
than those birds breeding in Guntersville, though these birds were subject to egg oiling
over the course of the breeding season (Dorr et. al, 2010). Compared to the Great Lakes,
Guntersville Reservoir is a small aquatic system and therefore cormorants in this
reservoir do not have far to travel for prey. Also, since cormorants tend to forage in
waters <10 m in depth (Stapanian, 2002), cormorants in the Great Lakes must find
appropriate prey on shorelines or areas of shallow depth. Guntersville as a whole is a
shallow reservoir, seeing depths of no more than 10.6 m outside of the main channel.
Within Guntersville Reservoir, cormorant home ranges differed among the
defined periods of Incubation, Chick-rearing and Post-fledge. One cormorant’s home
range was double the size of another, seen in all time periods mentioned previously
(Tables 3.1). This could be accounted for by the sex of the cormorants, due to some
studies suggesting that males forage farther during incubation than females and vice versa
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for females during chick rearing (Anderson et al., 2004). My data, though, did not
support this theory with both sexes seeing an equal amount of varying home range size
during all subsets and time periods (Table 3.1). The small sample size of only 10
cormorants is likely not a holistic view of home ranges of all breeding cormorants on
Guntersville Reservoir. Additionally, colony affiliation may have accounted for some of
these large differences in home range size, with South Sauty birds having larger home
range and core use areas than their Connors Island counterparts (216.24 km2 versus 27.35
km2, respectively). This may be explained by Connors having a larger breadth of water to
forage on, and depths being much shallower than 4.5 m surrounding colonies.
Conversely, South Sauty is situated in a much narrower area on Guntersville, with birds
traveling farther north to south for foraging, though water depths do not differ between
these two sites.
Mean home ranges and core use areas between adult cormorants and juvenile
cormorants did not differ for the full season, though for the breeding season juvenile
cormorants had a drastically smaller home range area (7.59 km2) than adult cormorants
(40.19 km2). Whether this was due to a small sample size for juvenile birds or juveniles
did not stray as far during active breeding times is unknown, with further research needed
such as tagging more juvenile birds for analysis and using multiple breeding seasons for
comparison and analysis.
Management Implications
Managers in the southeast who are monitoring and controlling expanding
cormorant populations on reservoirs can use home range data to understand how
cormorants move on the landscape and what characteristics are present in their home
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ranges. Knowing that cormorants breeding on Guntersville reservoir utilize a much
smaller habitat than northern cormorants nesting in the Great Lakes helps managers hone
in on a much smaller and precise scope to manage problems and implement solutions.
Additionally, my results support current data that cormorants do still forage in shallow
water depths and take advantage of loafing areas scattered around colony sites like
cormorants nesting in the Great Lakes. These similarities and differences between
southern and northern breeding birds are pivotal in managing and understanding not only
the behavior and movements of cormorants but also gives insight into the expanding
range of cormorants in southeastern reservoirs.
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Sex

Colony
Affiliation
South Sauty
South Sauty
South Sauty
Connors
Connors
Connors
South Sauty
South Sauty

95% home ranges (km2) measured for 11 Double-crested Cormorants on Guntersville Reservoir, Alabama during
2017 for each time period .

Whole
Breeding
Incubation
ChickPost-Fledge
Season
Season
rearing
129279
Male
73.75
73.75
106.80
55.78
129279B
Female
82.09
82.09
129280
Female
68.43
68.43
216.24
2.21
129281
Male
9.51
12.29
27.35
7.60
8.05
129282
Female
8.43
8.43
129283
Male
20.46
20.45
29.76
1.34
129286
Male
6.77
17.21
40.69
6.25
16.04
129288
Female
64.63
80.78
172.34
36.59
61.97
𝑥̅ = 41.76
𝑥̅ = 40.19
𝑥̅ = 98.86
𝑥̅ = 18.30
𝑥̅ = 42.04
129284
Juvenile
Connors
18.40
14.73
129285
Juvenile
Connors
5.29
0.45
129287
Juvenile
South Sauty
150.84
𝑥̅ = 58.18
𝑥̅ = 7.59
Time periods defined as: Incubation May 9th – May 30th, Chick-rearing May 31st – July 4th and Post-fledge July 5th – August
15th. Breeding season included Incubation and Chick-rearing combined. Colony affiliation refers to location of bird’s nest site.

ID

Table 3.1
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Sex

Colony
Affiliation
South Sauty
South Sauty
South Sauty
Connors
Connors
Connors
South Sauty
South Sauty

50% core use areas (km2) measured for 11 Double-crested Cormorants on Guntersville Reservoir, Alabama during
2017 for each time period.

Whole
Breeding
Incubation
ChickPost-Fledge
Season
Season
rearing
129279
Male
11.35
11.34
16.86
10.83
129279B
Female
13.13
13.13
129280
Female
8.21
8.21
30.11
0.29
129281
Male
1.59
1.59
3.57
1.37
1.71
129282
Female
1.16
1.16
129283
Male
3.72
3.71
5.58
0.23
129286
Male
>1.0
1.57
6.26
0.51
1.53
129288
Female
5.39
7.18
25.13
3.27
5.67
𝑥̅ = 6.36
𝑥̅ = 4.96
𝑥̅ =14.59
𝑥̅ = 2.75
𝑥̅ = 5.51
129284
Juvenile
Connors
3.60
2.85
129285
Juvenile
Connors
0.96
0.04
129287
Juvenile
South Sauty
22.54
𝑥̅ = 9.03
𝑥̅ = 1.44
Time periods defined as: Incubation May 9th – May 30th, Chick-rearing May 31st – July 4th and Post-fledge July 5th – August
15th. Breeding season included Incubation and Chick-rearing combined. Colony affiliation refers to location of bird’s nest site.

ID

Table 3.2
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Figure 3.1

Map of 95% home ranges and 50% core use areas of two Double-crested
Cormorants, by colony affiliation, on Guntersville Reservoir, Alabama.
Breeding time period was designated as May 9 – July 4, 2017.

96% Home range outlined in yellow and the 50% core use area outlined in red. Connors
islands filled in in green and South Sauty filled in in purple. Mean home range and core
use area, respectively, at Connor’s was 20.45 km2 and 3.71 km2 and at South Sauty was
80.78 km2 and 7.18 km2.
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STABLE ISOTOPE ANALYSIS OF MUSCLE AND LIVER TISSUE OF DOUBLECRESTED CORMORANTS AND APPROPRIATE PREY SPECIES
Abstract
The utility of a wildlife management action, such as that targeted to a population,
is most enhanced when it focuses on the population responsible for wildlife damage and
the period of time when that population is least influenced by emigration and
immigration. Stable isotope analyses of carbon (C13/C12; δ13C), nitrogen (N15/N14; δ15N)
and sulfur (33S/34S; δ34S) were conducted on liver and pectoral muscle sampled from
Double-crested Cormorants (Phalacrocorax auritus) collected on Guntersville Reservoir,
Alabama during February – April, 2015 to identify whether this population consumed
cultured catfish and was subject to immigration during the sampling period. For
comparison, potential food sources (prey fish), known to be consumed by cormorants,
were also sampled from this system and aquaculture farms in southwest Alabama.
Carbon and sulfur isotope ratios in cormorants exhibited variation within and among
individuals (liver [δ 13C min – max = -29.76 – -18.32 ‰; δ 34S: -5.36 – 10.03 ‰]; muscle
[δ 13C -29.27 – -16.12 ‰; δ 34S: -8.36 – 14.61 ‰]. Results from fish sampled from
Guntersville Reservoir (mean δ 13C = -26.37 ‰  2.37 ‰; mean δ 34S = 1.40 ‰  1.43
‰) were distinct from fish sampled from aquaculture facilities (mean δ 13C = -19.52 ‰ 
1.61 ‰; mean δ 34S = -3.42 ‰  5.49 ‰). Relationships among isotopic values measured
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in cormorants and prey illustrate that birds sampled from Guntersville Reservoir included
those that assimilated prey derived from this system as well as recent immigrants.
Collectively, these results show that Guntersville Reservoir is a migratory stopover site
for cormorants and that these birds contribute little to damage on aquaculture facilities.
Management enacted to remediate effects associated with cormorant breeding within this
lentic system should be organized to target when this population is closed.
Introduction
The number of Double-crested Cormorants (Phalacrocorax auritus, cormorant) in
North America has fluctuated throughout the 19th and 20th centuries, with significant
increases since the late 1970’s (Hatch, 1995; Wires & Cuthbert, 2006), when an increase
in the number of aquaculture ponds and flooded reservoirs in the southeast affected
cormorant movement and migration as well as the population size (Wires & Cuthbert,
2006; Dorr et.al, 2014). Prior to the 1970’s, numbers of cormorants were down to only
32,000 breeding pairs due to unregulated take and use of pesticides that effected nest
success and survival (Wire & Cuthbert, 2006). Once cormorants were added to the
Migratory Bird Species Act of 1917 and management of cormorant populations were
regulated, numbers rose exponentially including in winter habitats in the southeast
(Hatch, 1995; Dorr et.al, 2014). With a growing and present population plus a perception
that cormorants are abundant throughout their range, many fisherman and catfish farmers
have come into conflict with cormorants foraging and roosting throughout the
southeastern United States and Great Lakes areas. These conflicts have called to question
how cormorants are using novel resources such as aquaculture facilities, particularly
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during winter and through migration (Hebert et al., 2008; Okufany et al., 2012; Craig et
al., 2015).
Cormorants migrate along the Mississippi Flyway, stopping and wintering
throughout the southeastern United States (Dorr et.al, 2014) from Texas to North
Carolina (Hatch, 1995). During migration and over the winter cormorants use various
waterbody types (Dorr et.al, 2004; King et.al, 2012; Craig et.al, 2016). King (1996) and
Tobin et al. (2002) identified that cormorants in the Delta region of Mississippi moved an
average of 21 kilometers (km) from roost sites, some leaving the area completely and
moving ~350 km south to the Gulf Coast of the United States after leaving breeding sites
in the Great Lakes. Cormorants in eastern Mississippi and western Alabama moved much
shorter distances (mean = 7.9 km), and changed roost sites after an average of 20 days,
suggesting that cormorants in this area change roosts sites less frequently than their
counterparts in the Delta of western Mississippi, yet use similar energy sources
throughout the winter (Dorr et.al, 2004).
Much of what we know about cormorant movements within and among seasons
has been gleaned from studies employing radio telemetry (e.g., King, 1996; Dorr et.al,
2012; King et.al, 2012). These studies, while giving much insight into how cormorants
use resources, often provide inference limited to a discrete timeframe. Stable isotope
analyses (SIAs) provide a tool to assess resource use over short and long time scales
(Rubenstein & Hobson, 2004) and can be used to study community structure (Zanden
et.al, 2015) and animal movements (Rubenstein & Hobson, 2004) through time (Hobson,
1992, Craig et.al, 2015). Assessing ratios of heavier to lighter isotopes in several
elements and among several tissue types within an organism (e.g., blood, lung and
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muscle) can help to identify resources assimilated across different time scales (Hobson,
1992, Rubenstein & Hobson, 2004).
Carbon isotope ratios (13C / 12C, notated δ13C) have been used to identify different
carbon sources assimilated by a consumer (Craig et.al, 2015). In terrestrial ecosystems,
isotopic patterns in temperate and mesic (wet) climates are more enriched in δ13C values
compared to values in more xeric (dry) and hot environments, whose values are depleted
in δ13C values. Marine food webs are also influenced by carbon isotopic patterns, with
benthic (inshore) sites more enriched than pelagic (offshore) sites (Hobson, 1999;
Rubenstein & Hobson, 2004), a useful distinction in identifying the location of feeding
activity (Okufany et.al, 2012; Craig et.al, 2016). Between terrestrial and marine
ecosystems, δ13C values are much more enriched in marine areas compared to terrestrial
sites, providing insight into whether an animal is utilizing coastlines or more inland areas
(Rubenstein & Hobson, 2004).
Nitrogen (15N / 14N, notated δ15N) can be used to identify source nitrogen
contributions and relative trophic position in a system (Inger et.al, 2008). Owing to
thermodynamic properties, the lighter isotope of nitrogen (14N) is more often
incorporated into a consumer’s tissues resulting in enrichment of the 15/14N ratio per
trophic level (Kelly, 2000). Agricultural run-off results in ammonification or loss of 14N
in tissue, which can influence isotopic ratios in analysis (Rubenstein & Hobson, 2004).
Nitrogen values are also influenced by natural environmental patterns, with mesic
ecosystems depleted in δ15N compared to xeric ecosystems. Similar to δ13C, δ15N is more
enriched in marine environments’ compared to terrestrial ones (Rubenstein & Hobson,
2004).
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Sulfur (34S / 33S, notated δ34S) is useful to differentiate benthic vs. pelagic food
webs due to the large isotopic differentiation between saltwater and freshwater sulfates
and sulfides (Hobson, 1999; Inger & Bearhop, 2008; Vander et.al, 2015). Sulfur isotope
analyses have been used to differentiate whether a consumer feeds within marine or
freshwater systems (Hebert et al., 2008; Craig et al., 2015). Discrimination is measurable
through higher ratios of 34/32S in marine versus terrestrial systems as well as materials
derived from these systems (Lott et.al, 2003; Ofukany et.al, 2012).
Using stable isotope analysis to assess resource assimilation by cormorants over
various time scales can give biologists better information to manage populations of this
species in the southeastern United States. Specifically, focusing on cormorants using a
large reservoir system (Guntersville Reservoir, Alabama) in the southeastern United
States, I applied stable isotope analysis to identify if this population is closed to
immigration during spring migration. I hypothesized that cormorants that remain on
Guntersville Reservoir year round, will reflect similar 13/12C, 15/14N and 34/32S ratios
between their liver and muscle tissues, reflecting consistent resource use throughout the
year. Cormorant that assimilate resources from outside of the area of Guntersville
Reservoir (i.e. transients that do not use this system year-round) would be identifiable
through differences in 13/12C, 15/14N and 34/32S ratios of liver and muscle tissues. Sources
of resources assimilated by cormorants were explored by comparing 13/12C, 15/14N and
34/32

S ratios of cormorant liver and muscle tissues to 13/12C, 15/14N and 34/32S ratios

measured in fish collected from Guntersville Reservoir and aquaculture ponds outside the
Guntersville Reservoir watershed in western Alabama.
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Study Site and Methods
This study was conducted on Guntersville Reservoir located in Marshall and
Jackson counties, northeast Alabama, USA (Figure A.1). Guntersville Reservoir was
created when the Tennessee River was dammed in 1939, with hydrology within the
reservoir since controlled by the Guntersville Dam. Temperature and climate are
temperate with summers averaging 27˚C and winters around 15˚C (Soil Survey Staff,
2016). Deciduous hardwoods, such as oak (Quercus sp.) and hickory (Carya sp.), and
coniferous trees such as red cedar (Juniperus virginiana) and loblolly pine (Pinus taeda)
are all prevalent within the reservoir system (Soil Survey Staff, 2016). Islands are present
throughout the reservoir and since 2001, cormorants have had breeding colonies on
several of these islands (Barras, 2004).
Cormorants were collected by U.S. Department of Agriculture Wildlife Services
(USDA-WS) employees during February – March 2015. Immediately upon collection,
pectoral muscle and liver were excised from cormorants and packaged separately in
whirl-packs each labeled with date of processing, sex of bird sampled, and geographic
location collected. All samples were kept on ice immediately after collection, then frozen
until further processing. Once transported to Mississippi State University (MSU), muscle
and liver samples were subsampled into approximately 4 cm cubes, taken from the
middle of each tissue sample. Tissue samples where freeze dried separately in plastic
vials and shipped to the Chemical Tracer’s Laboratory of the University of Windsor’s
Great Lakes Institute for Environmental Research for analysis.
During the spring and summer of 2016, samples of fish species known to be
consumed by cormorants were collected from Guntersville Reservoir (B. Dorr,
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unpublished data). Prey fish were collected from Guntersville Reservoir through
electroshocking as close to the colony islands as possible and then moving out laterally
from colony locations 10 m at a time. Fish species targeted for collection were Bluegill
(Lepomis macrochirus), Gizzard (Dorosoma cepedianum), Threadfin Shad (Dorosoma
pentenense), Freshwater Drum (Aplodinotus grunniens), Channel Catfish (Ictalurus
punctatus.), Largemouth Bass (Micropterus salmoides), Spotted Bass (Micropterus
punctulatus), Yellow Bass (Morone mississippiensis), White Bass (Morone chrysops),
and Mississippi Silverside (Menidia audens). Aquaculture fish (Channel Catfish,
Dorosoma sp. and Lepomis sp.) were also collected during the spring and summer of
2016 by USDA employees from catfish ponds near Greenville, Alabama (Figure A.1).
After collections, whole specimens of each species from each site were placed in bags
that were labeled with sample number, date and zone or aquaculture pond collected. All
bags were put on ice and frozen, then transported to Mississippi State University (MSU).
Individual fish were freeze dried and then ground as whole sample homogenates and
packed individually in plastic vials for analysis. All samples were shipped to the
Chemical Tracer’s Laboratory or the University of Georgia for isotopic analysis.
In analyzing tissue samples for isotope ratios, an Elemental Analyzer-Isotope
Ratio Mass Spectrometer (EA-IRMS, Thermo Finnigan Delta Plus) was used to rapidly
transform samples into a gas phase by flash combustion. The ionized combustion product
for all measured isotope values where then mass-analyzed by differing mass/charge ratios
(Craig, 1957; Giesemann et.al, 1994). Internal standard tilapia (Oreochromis sp.), NIST
standard bovine liver (1577c) and USGS 40 were used as references for δ15N and δ13C
values. Precision and accuracy values for δ15N were ≤ 0.23 ‰ and 0.06 ‰, respectively.
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Precision and accuracy values for δ13C were ≤ 0.15 ‰ and -0.01 ‰, respectively, across
all standards. Sulfur values were compared to five reference samples: NIST1577c,
internal standard tilapia muscle, USGS 42, NIST 8529 and NIST 8555. Precision
measured ≤ 0.34 ‰ and accuracy (based on USGS 42) was 0.06 ‰.
Statistical Analysis
To test for differences in isotopic ratios among tissue types (muscle, liver, fish
from Guntersville and fish from aquaculture ponds) I used generalized linear mixed
models (GLMM), through packages ‘lme4’ and ‘multcomp’ in Program R version 3.3.3
(R Core Team, 2017). The response variable for each model was the measured isotopic
value (δ13 C, δ15N, or δ34S) with a fixed categorical variable of tissue type (liver, muscle,
prey- Guntersville and prey- Aquaculture). I treated each sampled bird or fish as a
random effect within this modeling framework, with multiple samples (tissues) drawn
from each bird. I applied Tukey post-hoc tests for multiple comparisons of means of
isotopic value, affording a specific evaluation for statistical differences among tissue
types. All analyses were considered statistically significant at  ≤ 0.05.
I used ‘createsiberObject’ in package ‘siber’ to create ellipses to identify the
distributions of δ13C, δ15N, and δ34S relative to cormorant tissues and fish from
Guntersville Reservoir and fish from aquaculture ponds. To identify the percent overlap
among these ellipses, reflecting distributions of δ13C, δ15N, and δ34S in cormorant tissue
and prey, I used ‘maxLikOverlap’ in package ‘siber’. All analyses were run in Program R
version 3.3.3 (R Core Team, 2017).
Tissue fractionation in cormorants relative to isotopic values is important for
interpreting ellipses overlap. For δ13C and δ34S there is little difference in fractionation
85

between tissue and assimilated resources, usually ~ 1 ‰, therefore ellipses overlap could
indicate assimilation of that resource (DeNiro, 1978). There is evidence that different
tissue types exhibit various discrimination factors in cormorants for δ13C and δ15N (Craig
et.al, 2015). Liver tissue has a much faster turnover rate, thus discrimination factors
would be closer to zero compared to muscle tissue, which has a slower turnover rate with
discrimination factors larger between tissue and prey. Overlap between cormorant tissue
types could indicate that birds are utilizing similar resources over time. There is usually
no potential for discrimination for δ34S in cormorant tissues if birds are feeding
exclusively in freshwater systems. Thus, overlap is expected between cormorant tissues.
If ellipses overlap is not present or minimal, this could indicate a marine component to
cormorant diet.
Results
Two hundred thirty cormorants and 57 fish of 10 species (2 unknown species of
fish) were sampled from Guntersville Reservoir. Of these samples, 121 cormorants and
49 fish were sampled for δ34S (Table 4.1). Less fish were sampled from aquaculture
facilities, with 10 fish of three species sampled for all isotopic values (Table 4.1).
Between cormorant tissues, there were statistical differences among the distributions of
13C as measured in liver and muscle (z = 5.88, p < 0.01) with δ13C more enriched in
muscle tissues (-25.02 ‰  2.82 ‰) than in liver tissues (-25.98 ‰  1.95 ‰).
Differences between cormorant tissue types for δ15N values (z = -20.58, p < 0.001)
showed 15N measured in liver tissues (16.79 ‰  1.18 ‰) were generally more
enriched as compared to muscle tissues (15.27 ‰  1.52 ‰). Differences in δ34S among
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tissues types were also apparent (z = 6.54, p < 0.001) with 34S in cormorant liver tissues
less enriched (3.62 ‰  2.90 ‰) than in muscle tissues (5.99 ‰  5.03 ‰).
Fish tissues sampled from Guntersville Reservoir were more depleted in δ13C (26.37 ‰  2.37 ‰) compared with fish from aquaculture facilities (-19.52 ‰  1.61‰) (z
= -8.07, p < 0.001). Nitrogen values measured in fish from Guntersville (13.41 ‰  1.49
‰) were more enriched relative to fish from aquaculture (10.50 ‰  3.48 ‰) (z = 4.61, p

< 0.001). Sulfur isotope values were more enriched in fish sampled from Guntersville
(1.40 ‰  1.43 ‰) relative to fish from aquaculture ponds (-3.42 ‰  5.49 ‰) (z = 3.96,
p < 0.001).
Carbon values measured in cormorant liver tissues were depleted compared to
aquaculture fish (z = -8.06, p < 0.01) but were similar in enrichment compared to fish
sampled from Guntersville (z = 0.46, p = 0.96). Muscle tissue differed significantly from
both prey types, though was only slightly enriched compared to fish from Guntersville (z
= 2.69, p = 0.03) but depleted compared with fish from aquaculture (z = -6.84, p < 0.01).
Nitrogen was enriched in cormorant liver (z = 9.33, p < 0.01) and muscle (z = 4.26, p <
0.01) relative to fish from Guntersville. Nitrogen was also found to be enriched in
cormorant liver (z = 9.83, p < 0.01), and muscle (z = 7.08, p < 0.01) compared to fish
sampled from aquaculture ponds. Liver (z = 3.64, p < 0.01) and muscle tissues (z = 6.66,
p < 0.01) were enriched compared to Guntersville prey. Likewise, 34S values were
enriched in cormorant liver (z = 6.07, p < 0.01) and muscle (z = 7.72, p < 0.01) tissues as
compared with fish sampled from aquaculture ponds.
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Ellipses overlap drawn for 15N vs. δ13C in cormorant liver and muscle was
45.26%. Percent overlap between ellipses of 15N and δ13C for cormorant liver and
Guntersville prey was 21.23%, while for cormorant muscle and Guntersville prey percent
overlap between ellipses was 39.71% (Fig. 4.1). Ellipses were distinct (no overlap) for
15N and δ13C between both Guntersville prey and aquaculture prey and liver tissue and
aquaculture prey. Muscle tissue and aquaculture prey had slight overlap of 3.5% for 15N
and δ13C (Fig. 4.1). Ellipses overlap for distributions of 34S and 13C drawn from
cormorant liver and cormorant muscle tissue was 52.17%. For 34S and 13C measured in
Guntersville prey and cormorant liver tissue percent overlap was 44.91%, while for
cormorant muscle and Guntersville prey overlap in ellipses for 34S and 13C was 26.06%
(Fig. 4.2). There was overlap of ellipses for 34S and 13C among aquaculture prey and
other tissue types, though overlap was comparably less than other isotopes with 9.78%
overlap with liver tissue, 9.50% overlap with muscle tissue and 6.24% overlap between
Guntersville fish and aquaculture fish (Fig. 4.2).
Discussion
Results from my analysis of 13C, 15N, and 34S as measured in cormorants
sampled on Guntersville Reservoir during February – April, 2015 show that some of
these birds do not use this system year round. Rather, the reservoir is a migratory
stopover site as well as a breeding ground for these cormorants. This could be explained
by the behavior of partial migration, where a portion of a population migrates while
another portion is sedentary and stays as a resident in a single habitat, likely due to the
result of an optimization process to increase fitness in individuals or a population
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(Lundberg, 1987, 2013). Relative to results of 13C, 15N, and 34S measured in
cormorants and Guntersville prey, there appeared to be subset of cormorants sampled that
used this system throughout the winter and a separate subset that likely arrived in this
system in late winter or early spring. Though cormorants displayed patterns of movement
and dispersal, statistical results show that by February, cormorants have already
assimilated tissue from Guntersville and that some muscle tissue also aligned with
Guntersville prey (Fig. 4.2). Most cormorants arriving in Guntersville were likely not
using aquaculture ponds in the region during the winter, reflected through differences in
δ13C, 15N and δ34S among cormorant tissues and aquaculture prey (Table 4.2). Based on
the proportion of the population sampled and alignment of δ13C, 15N and δ34S between
cormorant tissues and fish from Guntersville and aquaculture ponds, a little over 25% of
cormorant tissues may have been derived from other ecosystems, most likely from
marine areas (Fig. 4.2; Table 4.2). 9.5% cormorants appearing to have assimilated some
aquaculture fish for forage during the winter as indicated by overlap of 34S and 13C
values (Fig. 4.2). Overlap of ellipses drawn for δ13C values of Guntersville prey with both
muscle and liver tissues reveal that about half of the sampled cormorants were either
using Guntersville over winter or were arriving in late winter on the reservoir (Figs. 4.1
& 4.2).
Nitrogen isotopes lend insight into trophic structures of species, helping
researchers differentiate what different species may be assimilating from different
ecosystems (Bearhop et.al, 2002). Mean δ15N measured in liver and muscle tissues from
cormorants sampled on Guntersville Reservoir were similar for both tissue types due to
them foraging on similar prey species throughout the southeast (Table 4.2). Though
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similar, δ15N in muscle and liver differed from one another in post hoc tests and overlap
was only 45.26%, suggesting that some cormorants are using different resources over
different time scales (Fig. 4.1). Referencing values of δ34S in cormorant tissues, over 50%
of muscle and liver tissue were enriched in δ34S compared with fish from Guntersville
and from aquaculture ponds (Fig. 4.2). High δ34S and δ13C values measured in
cormorants suggested that these birds have foraged on a marine-based system before
arriving on Guntersville Reservoir. Based on 15N, 13C and 34S measured in cormorant
tissues, it does not appear that cormorants sampled on Guntersville were highly reliant on
prey obtained from aquaculture ponds, indicated by little or no overlap of ellipses among
these sources. Lack of use of aquaculture facilities is important since many cormorants
that nest in the Great Lakes utilize these aquaculture ponds during stopovers in migration
or to over winter (Hatch, 1995; Dorr et al., 2004; King et al., 2012). Use of aquaculture
ponds could differentiate migrant cormorants from those that breed or stopover in
Guntersville Reservoir, a crucial biological characteristic for managers controlling
cormorant populations in this reservoir and throughout the southeast. This use difference
in use of resources could be a driver of facultative partial migration in cormorants in the
southeast, were the advantages of staying in certain areas outweigh the advantages of
moving to aquaculture ponds or vice versa. Three hypothesis have been suggested for
drivers of partial migration including: 1) the dominance hypothesis, where subordinate
individuals are pushed to migrate (usually younger), 2) the arrival-time hypothesis where
the sex that is more limited by intra-sex competition is pushed to migrate, and 3) the body
size hypothesis where larger or more fit individuals can survive harsh conditions by
remaining on breeding or wintering grounds year round (Boyle, 2008). At the individual
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level, cormorants in Guntersville Reservoir may have a genetic predisposition to use
Guntersville year round or move south in the winter (Boyle, 2008). Either way,
differentiating cormorants on Guntersville from those that use aquaculture ponds during
the same time will help those managing populations of cormorants throughout the
southeast.
Results of this study both support and differ from findings of past research that
have applied stable isotope analysis to detail cormorant resource use and movement.
Dispersal and movement is indicative of cormorants sampled on Guntersville, though
clumping of isotopic values indicate that cormorants are not using a wide variety of roost
or loafing sites during the winter (Figs. 4.1, 4.2). Rather, cormorants seem to be moving
to one source and utilizing it for a period before arriving on Guntersville and assimilating
prey in this system, as seen in similar mean values of δ13C between Guntersville prey and
liver tissue (Table 4.2). Similar results were obtained from telemetry data of cormorants
roosting in eastern Mississippi and western Alabama, where cormorants moved among
multiple roost infrequently and did not move long distances from roost sites (Dorr et.al,
2004). Cormorants sampled on Guntersville also show isotopic 34S reflective of
assimilation of resources from marine systems (Fig. 4.2), as seen in those birds roosting
and migrating through the Delta region (King, 1996; Tobin et.al, 2002).
Knowing that cormorants on Guntersville Reservoir are using this system as a
stopover site or as breeding grounds can help managers better implement management
strategies that will focus on a timescale that is least influenced by immigration and
emigration. Additionally, results also suggested that cormorants using Guntersville
Reservoir are not contributing substantially to damage on aquaculture systems.
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Therefore, control of cormorants for this reason is not warranted. Further research on
how long cormorants use Guntersville Reservoir during migration or breeding in the
summer will further insight into how cormorants move on this landscape. Using
telemetry on cormorants that breed on Guntersville Reservoir can provide additional
insight into how southeastern cormorants are spending their time on breeding grounds
and link usage on aquaculture sites and marine ecosystems. Telemetry and analysis of
stable isotope ratios, such as 15N, 13C and 34S applied here, can provide information
on when cormorants arrive and leave this reservoir system while furthering understanding
of resource use by these birds during multiple time periods.
Management Implications
Understanding the spatial and temporal foraging patterns of cormorants can enhance
manager’s ability to regulate populations of southeastern cormorants breeding and
wintering on southeastern reservoirs by limiting actions when populations are subject to
immigration and emigration. Furthermore, realizing there are differences in how
cormorants migrating and breeding in the southeast utilize roosting and loafing areas can
help managers focus management to certain time periods and to specific areas to more
effectively control the individuals causing damage to aquaculture facilities or other
natural areas and achieve management goals.
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Table 4.1

Summary of fish species sampled and the total number of individuals
sampled of each species from Guntersville Reservoir, Alabama (February –
April 2015) and aquaculture ponds in Alabama (spring & summer, 2016).

Common Name

Scientific Name

Bream
Channel Catfish
Shad
Bluegill
Freshwater Drum
Gizzard Shad
Largemouth Bass
Mississippi Silverside
Redbreast Sunfish
Threadfin Shad
White Bass
Yellow Perch
Unknown sp.

Lepomis sp.
Ictalurus punctatus
Dorosoma sp.
Lepomis macrochirus
Aplodinotus grunniens
Dorosoma cepedianum
Micropterus salmoides
Menidia audens
Lepomis auritus
Dorosoma petenense
Morone chrysops
Perca flavescens
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Total
Number
2
4
4
9
1
4
3
11
6
6
4
11
2

Location
Aquaculture Ponds
Aquaculture Ponds
Aquaculture Ponds
Guntersville Reservoir
Guntersville Reservoir
Guntersville Reservoir
Guntersville Reservoir
Guntersville Reservoir
Guntersville Reservoir
Guntersville Reservoir
Guntersville Reservoir
Guntersville Reservoir
Guntersville Reservoir

Table 4.2

Summary statistics for carbon (δ13C‰), nitrogen (δ15N‰) and sulfur
(δ34S‰) isotopes from cormorants taken on Guntersville Reservoir,
Alabama (February – April 2015) and fish samples from Guntersville
Reservoir and Aquaculture ponds (AL), spring and summer 2016.

Tissue Type
Liver
Muscle
Prey- Guntersville
Prey- Aquaculture

Tissue Type
Liver
Muscle
Prey- Guntersville
Prey- Aquaculture
Tissue Type
Liver
Muscle
Prey- Guntersville
Prey- Aquaculture

n
230
230
57
10

δ13 C (‰)
Mean (SD)
-25.98 (1.95)
-25.02 (2.82)
-26.37 (2.37)
-19.52 (1.61)

Range
-29.76 – -18.32
-29.27 – -16.12
-30.24 – -21.29
-21.86 – -17.79

n
230
230
57
10

δ15 N (‰)
Mean (SD)
16.79 (1.18)
15.27 (1.52)
13.41 (1.49)
10.50 (3.48)

Range
11.00 – 19.27
9.56 – 18.32
10.30 – 16.20
8.83 – 14.04

n
121
121
49
10

δ 34 S (‰)
Mean (SD)
3.61 (2.89)
5.99 (5.03)
1.40 (1.43)
-3.42 (5.49)

Range
-5.36 – 10.03
-8.36 – 14.61
-1.61 – 3.23
-13.79 – 0.87
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Figure 4.1

Nitrogen (δ15N ‰) vs. carbon (δ13C ‰) scatterplot with ellipses
representing different tissue types for Guntersville Reservoir and AL
aquaculture fish.

Symbols represent location of where samples were collected, Guntersville or aquaculture,
during springs and summers, 2015 and 2016.
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Figure 4.2

Sulfur (δ34S ‰) vs. carbon (δ13C ‰) scatterplot with ellipses representing
different tissue types for Guntersville Reservoir and AL aquaculture prey.

Symbols represent location of where samples were collected, Guntersville or aquaculture,
during springs and summers, 2015 and 2016.
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MAPS OF GUNTERSVILLE RESERVOIR SITUATED IN ALABAMA AND
RESERVOIR ZOOMED INTO ISLANDS
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Figure A.1

Location of Guntersville Reservoir were data was collected for
impacts of breeding Double-crested Cormorants on soil chemistry,
vegetation, and avian diversity as well as movements, home ranges and
isotopic signatures.
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Figure A.2

Study area and islands sampled on Guntersville Reservoir, Alabama, JuneAugust 2016 and 2017 for impacts of breeding Double-crested Cormorants
on soil chemistry, vegetation, and avian diversity as well as movements,
home ranges and isotopic signatures.

Each island complex (1a, 1b, 1c) have islands divided into three treatment groups: colony
(active cormorant colonies), control (islands with no history of nesting) and historic
(abandoned colony islands).
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REFERENCE PICTURE OF HARNESS USED TO ATTACH SATTALITE TAG TO
THE BODY OF A DOUBLE-CRESTED CORMORANT
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Figure B.1

Harness used for GPS tag placement on backs of cormorants. Teflon ribbon
was used for straps while small, aluminum bird bands were used to crimp
the harness together. Shrink tubing was used to cover metal bands.
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